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FOREWORD 
            Guided by self-determination theory and social ecological models of health behavior, the 
major purpose of this dissertation is to investigate the roles of supportive social environments 
and physical environments on promoting middle school students’ motivation and physical 
activity participation within and beyond physical education classes. This dissertation includes 
three related manuscripts that will be submitted to high-impact journals for publication.  The first 
manuscript, Chapter 2, tests a theoretical model based on the self-determination theory. The 
second manuscript, Chapter 3, uses the social ecological model as a theoretical framework to 
investigate the roles of multilevel factors on middle school students’ physical activity 
participation. The third manuscript, Chapter 4, integrates these two perspectives into a 
comprehensive framework to predict engagement in physical activity among middle school 
students within and beyond physical education classes. All three manuscripts in this dissertation 
are quantitative studies.  
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ABSTRACT 
            It is clearly documented that promoting regular physical activity participation at young 
ages increases the likelihood that school-aged students will lead active lifestyles as adults. 
Unfortunately, more than a third of school-aged students do not engage in sufficient amounts of 
physical activity necessary to produce significant health benefits (USDHHS, 2000, 2008). Public 
health officials and physical educators highlight the importance of promoting motivation for 
physical activity by creating a supportive physical activity environment that should positively 
influence students’ choices to be physically active. The major objective of this dissertation was to 
explore the roles of supportive social environments and physical environments on middle school 
students’ motivation and participation in physical activity within and beyond physical education 
classes. Three related quantitative studies were designed to achieve this goal.  
            In study one, using self-determination theory as a framework, a structural model of 
hypothesized relationships among perceived social support from physical education teachers, 
psychological need satisfaction, intrinsic motivation, and physical activity was tested. The 
findings supported the mediating role of psychological need satisfaction and intrinsic motivation 
on middle school students’ physical activity. Guided by the social ecological model, the 
predictive strength of predisposing personal factors (self-efficacy), reinforcing social factors 
(parents’ support, friends’ support, and teachers’ support), and enabling physical environmental 
factors (equipment accessibility and neighborhood safety) toward middle school students’ 
physical activity was investigated in study two. The results of this study highlight the importance 
of multilevel factors on students’ physical activity behavior.  
            The intent of study three was to integrate the constructs of self-determination theory with 
the social ecological model to predict middle school students’ engagement in physical activity 
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within and beyond physical education classes by testing hypothesized models. The findings 
indicated that it is possible to integrate self-determination theory with social ecological model, 
but the integration of these theories did not produce a superior model as compared to the 
individual theories. The overall results highlight the importance of supportive social and physical 
contexts in understanding middle school students’ physical activity motivation and engagement, 
and provide an empirical evidence to guide implications for physical educators, administrators, 
health promoters, and researchers.  
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CHAPTER 1: INTROUCTION 
It is widely accepted that regular physical activity reduces the risk for a range of chronic 
diseases, including all-cause mortality, coronary heart disease and cardiovascular disease 
morbidity and mortality, hypertension, non-insulin-dependent diabetes mellitus, and obesity, 
osteoporosis (Bouchard, Blair, & Haskell, 2007; Centers for Disease Control and Prevention 
[CDC], 1997; U.S. Department of Health and Human Services [USDHHS], 1996, 2000; U.S. 
Department of Health and Human Services and Department of Agriculture [USDHHS/USDA], 
2004). Further, research evidence is growing regarding the social and psychological benefits of 
physical activity. Specifically, regular physical activity decreases symptoms of depression and 
anxiety, stress, and is also associated with improved cognitive function, emotions, self-esteem, 
self-confidence, life satisfaction, and improved health-related quality of life in one’s later life 
(American College of Sports Medicine, 2006; Bouchard et al, 2007; USDHHS, 2000). 
Despite the well-documented and significant health benefits associated with regular 
physical activity, epidemiological evidence generally indicates that more than a third of children 
and adolescents do not engage in sufficient levels of physical activity and are not sufficiently 
physically active to achieve these health benefits (Grunbaum et al., 2004). Over the past several 
decades, the prevalence of physical inactivity and obesity among children and adolescents has 
been increasing (CDC, 2001; Flegal, Carrol, Kuczmarski, & Johnson, 1998; Pate, Baranowski, 
Dowda, & Trost, 1996; Pate, Ross, Dowda, Trost, & Sirard, 2003; Troiano & Flegal, 1998). 
Given that a significant number of health benefits are associated with a physically active lifestyle 
and childhood obesity can be attributed in part to physical inactivity and sedentary lifestyles, it is 
important to identify efficient and effective intervention programs that can promote adolescents’ 
active participation in physical activity (Bungum, Dowda, Weston, Trost, & Pate, 2000; 
McKenzie, 2001, 2003; Sallis, Prochaska, & Taylor, 2000; Sparling, Owen, Lambert, & Haskell, 
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2000; Trost, Saunders, & Ward, 2002). 
The success of intervention programs aimed at increasing children and adolescents’ 
regular physical activity participation partly depends on a good understanding of the factors that 
influence physical activity (Sallis et al., 2000; Trost et al., 2002). Identifying multilevel theory-
based correlates of physical activity initiation and adherence, and simultaneously examining the 
variation in levels of adolescents’ physical activity are significant and important areas of inquiry. 
Once multilevel correlates of physical activity are identified, theory-based interventions can be 
designed to positively influence these correlates, and in turn explain and predict the behavior of 
physical activity and physically active lifestyles among children and adolescents. 
Further, based on the research report from the National Center for Education Statistics 
(2005), more than 95% of school-aged children and adolescents are enrolled in schools. It is 
widely recognized that schools can deliver many physical activity opportunities and supportive 
environments that support the adoption of physically active lifestyles, such as physical education 
classes, recess periods, extracurricular sports, or other physical activity programs (Pate et al., 
2002; Sallis et al., 2001).  If they are designed appropriately, these school-based physical activity 
opportunities have significant potential to effectively promote most school-aged students’ 
physical activity levels (CDC, 1997). Therefore, schools can and should play a vital role in 
assuring that school-aged students achieve the daily recommended levels of physical activity. 
It is important to acknowledge that schools do not bear the sole responsibility for 
promoting school-aged students’ regular physical activity participation. Areas such as home and 
the community are also important settings in which children and adolescents might regular 
participate in physical activity (Frank, Engelke, & Schmid, 2003; Ward, Saunders, & Pate, 2007). 
Since elements of both the social environment and the physical environment are influential in 
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shaping children and adolescents’ physical activity behavior, parents at home, teachers and peers 
at schools, and other professionals in the community share responsibilities for school-aged 
students’ physical activity engagement. If efforts to increase physical activity levels are to be 
effective, it is important to consider the different settings in which children and adolescents 
spend most of their time and to explore the ways interventions in these settings can be organized 
to promote active participation in regular physical activity (Owen, Humpel, Leslie, Bauman, & 
Sallis, 2004; Owen, Leslie, Salmon, & Fotheringham, 2000; Srinivasan, O'Fallon, & Dearry, 
2003). Family involvement and community connections are critical components in promoting 
children and adolescents’ physical activity, in addition to the school setting. The national 
physical activity objective for school-aged children and adolescents (NASPE, 2006), can only be 
accomplished if schools, family, and community work together to promote children and 
adolescents physical activity participation (Ward et al., 2007).  
The overall purpose of this dissertation, therefore, was to examine the roles of supportive 
social environments and physical environments on adolescents’ physical activity from the social 
ecological models and self-determination theory with the goal of identifying effective strategies 
to promote adolescents’ engagement in physical activity. Study one examined the relationships 
among social support from physical education teachers, need satisfaction, motivation, and middle 
school students’ physical activity participation by testing a theoretical model based on the self-
determination theory (SDT) and the Hierarchical Model of Intrinsic and Extrinsic Motivation 
(HMIEM). In the second study, the roles of personal, social environmental, and physical 
environmental factors on middle school students’ physical activity participation were 
investigated based on the social ecological model. Following the examination of these two 
theories, a case is made in study three for integrating these two perspectives by testing theoretical 
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models that incorporate the constructs of self-determination theory and social ecological models 
into a framework to predict engagement in physical activity within and beyond physical 
education classes among middle school students. The models represented proposed interactions 
among supportive physical environments, social support from significant others, psychological 
need satisfaction, self-determined motivation, and students’ engagement in physical activity 
within and beyond physical education classes.  
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CHAPTER 2: NEED SUPPORT, NEED SATISFACTION, INTRINSIC MOTIVATION, 
AND PHYSICAL ACTIVITY PARTICIPATION AMONG MIDDLE SCHOOL 
STUDENTS 
INTRODUCTION 
            According to Healthy People 2010, participation in regular physical activity has been 
identified as an influential factor in promoting health for people of all ages (U.S. Department of 
Health and Human Services [USDHHS], 2000). Despite the extensive evidence of the health 
benefits of regular physical activity (Bouchard, Blair, & Haskell, 2007), the majority of 
adolescents do not meet national guidelines for physical activity (60 minutes or more of 
moderate to vigorous physical activity on a daily basis), and the prevalence of obesity has been 
steadily increasing in this group (Centers for Disease Control and Prevention [CDC], 1997). 
Given that the physical activity behaviors developed during adolescence have a long-term impact 
on lifelong physical activity habits (Daley, 2002), the prevalence of physical inactivity and 
increased levels of obesity among adolescents call for immediate actions (National Association 
for Sport and Physical Education [NASPE], 2004). 
School physical education programs should provide favorable environments that 
introduce adolescents to beneficial lifestyle behaviors and encourage adolescents to engage in 
physical activity regularly (NASPE, 2004; USDHHS, 2000). Further, positive student motivation 
in physical education could prompt adolescents to adopt physically active lifestyles as adults 
(Daley, 2002). Despite the assertion that school physical education can play a vital role in the 
promotion of adolescents’ physical activity, to date researchers have not systematically 
investigated the psychosocial factors that influence physical activity participation within the 
physical education setting (Sallis et al., 1992). To encourage school students to adopt and 
maintain a physically active lifestyle, a complete understanding of the social variables that 
support students’ motivation becomes a critical issue for those interested in promotion of 
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adolescents’ physical activity.  
Self-determination theory (SDT; Deci & Ryan, 1985; Ryan & Deci, 2000) is a promising 
theoretical framework for explaining adolescents’ physical activity motivation and behavior. 
Deci and Ryan (1985) proposed a self-determination continuum, ranging from intrinsic 
motivation to amotivation. Four levels of extrinsic motivation, including integrated regulation, 
identified regulation, introjected regulation and external regulation, fall between these two 
extremes on the continuum.  
Based on SDT (Deci & Ryan, 1985; Ryan & Deci, 2000), the most desirable and long 
lasting level of motivation is intrinsic motivation. Intrinsic motivation refers to highly 
autonomous behaviors whereby an individual engages in physical activity for the inherent feeling 
of pleasure, accomplishment, and the experience of sensations. When individuals are intrinsically 
motivated, they choose to engage in an activity for its own sake rather than for an external reason. 
That is, intrinsic motivation is considered to be the most desirable form of motivation regarding 
adherence because physical activity participation is based on appreciation of the activity itself 
rather than appreciation for benefits provided by the activity. Dimensions of intrinsic motivation 
representing the same degree of self-determination have been identified by Pelletier et al. (1995), 
include motivation to know, motivation to accomplish, motivation to experience stimulation and 
pleasant sensations. In light of the fact that most students’ participation in physical activity is a 
highly autonomous behavior, we focus on students’ intrinsic motivation in this study. 
In contrast, extrinsic motivation refers to activities that are carried out as a means to an 
end that is valued (i.e., praise, extrinsic reward) and not for the sake of the activity itself (Deci & 
Ryan, 1985). According to SDT, extrinsic motivation is multidimensional in nature and 
comprises four dimensions: integrated regulation (behaviors that are performed out of choice to 
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harmonize and bring coherence to different parts of the self), identified regulation (behaviors that 
are highly valued and performed out of choice), introjected regulation (behaviors that individuals 
perform to achieve social recognition or avoid internal pressures and feelings of guilt), and 
external regulation (behaviors regulated through external means, such as rewards or constraints). 
Finally, amotivation refers to the absence of both intrinsic and extrinsic motivation and 
represents a complete lack of self-determination and volition with respect to the targeted 
behavior (Deci & Ryan, 2000).  
Three innate psychological needs for autonomy, competence, and relatedness are central 
concepts within SDT to understand the initiation and regulation of behavior (Deci & Ryan, 2000). 
These three psychological needs for autonomy, competence, and relatedness have been 
combined into a composite variable labeled psychological need satisfaction (Ryan & Deci, 2002). 
Autonomy refers to the need for individuals to decide their own behavior and engage in activities 
of their own choice. Competence is described as individuals’ striving or need to experience a 
sense of competence. Relatedness is defined as individuals’ attempts to have a satisfying and 
coherent involvement with others or to the feeling that one belongs to a given social milieu. 
According to SDT, satisfying or fulfilling these needs is the mechanism through which 
individuals move toward more self-determined motivation.  
The antecedents and outcomes of the different types of motivation have been outlined by 
Vallerand (2000) in his hierarchical model of motivation. This hierarchical model of motivation 
is framed in terms of social environmental variables that affect feelings of autonomy, 
competence, and relatedness and, in turn, different types of motivation and motivational 
consequences (Vallerand, 2000). Specifically, social environmental factors, such as the degree of 
autonomy support, competence support, and relatedness support created by physical education 
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teachers in class, can play an important role in shaping and promoting self-determined 
motivation if they satisfy the three innate psychological needs for autonomy, competence, and 
relatedness. Social environmental variables that support the satisfaction of these basic 
psychological needs should promote an individual’s enjoyment of activities and the autonomous 
self-regulation of behaviors (Ryan & Deci, 2002). Finally, different types of motivation lead to 
important cognitive, affective, and behavioral consequences. Collectively, meeting the basic 
psychological needs satisfaction for autonomy, competence, and relatedness are hypothesized to 
mediate the relationship between perceived social environmental factors and different types of 
motivation. In turn, self-determined motivation is purported to affect cognitive, affective, and 
behavioral consequences such as intention to be active, enjoyment, and physical activity 
participation (Ryan & Deci, 2002).  
Based on the hierarchical model of motivation, the motivational sequence of “social 
environment factors→ psychological need satisfaction→ types of motivation→ consequences” 
can be extensively applied to physical activity settings (Vallerand, 2000). To date, sufficient 
empirical evidence has provided support for the utility of self-determination theory in exercise 
and sport (Edmunds, Ntoumanis, & Duda, 2006; Goudas & Biddle, 1994; Ntoumanis, 2005). 
There is, however, limited empirical evidence of the relationships between a multifaceted social 
environment (i.e., autonomy support, competence support, and relatedness support from physical 
education teachers) and physical activity through psychological need satisfaction (autonomy, 
competence, and relatedness) and self-determined motivation among adolescent middle-school 
students (Standage, Duda, & Ntoumanis, 2005). Thus, more investigation is needed to explore 
the effects of social environmental factors on behavioral outcomes (e.g., students’ physical 
activity participation within and beyond school settings), with psychological need satisfaction 
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and intrinsic motivation in physical education being tested as potential mediators. By adopting a 
self-determination theory perspective, it may be possible to elucidate the motivational process by 
which need support influences need satisfaction, intrinsic motivation in physical education and 
engagement in health-related behavior such as physical activity participation. Identifying the 
mediator effects of need satisfaction and intrinsic motivation on physical activity using structural 
equation modeling has the potential to facilitate our understanding of positive physical activity 
behavior change among adolescents. 
Purpose 
The purpose of this study was to examine the relationship between need support from 
physical education teachers (autonomy support, competence support, and relatedness support) 
and physical activity through need satisfaction (meeting basic psychological needs) and intrinsic 
motivation by testing a theoretical model based on the self-determination theory and Vallerand’s 
(2000) proposed motivational sequence. Specifically, we hypothesized that: (a) need support 
from physical education teachers (autonomy support, competence support, and relatedness 
support) will positively predict to the students’ psychological need satisfaction (autonomy, 
competence, and relatedness); (b) students’ psychological need satisfaction (autonomy, 
competence, and relatedness) will positively predict their intrinsic motivation in physical 
education; and (c) students’ intrinsic motivation in physical education will positively predict 
students’ physical activity participation within and beyond school settings. It was expected that 
need satisfaction (autonomy, competence, and relatedness) and intrinsic motivation would 
mediate the relationship between perceived need support from physical education teachers 
(autonomy support, competence support, and relatedness support) and physical activity among 
middle-school physical education students.  
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METHODS 
Participants and School Setting 
Participants were 286 middle school students (95 6th graders; 99 7th graders; 92 8th 
graders; 143 girls, 143 boys; Mage=13.36 years, SD=1.03) from a suburban public school in the 
southeastern United States. Data were collected from 9 different physical education classes. 
Permission to conduct this study was obtained from the University Institutional Review Board, 
the school district, the school principal, and the physical education teachers. Additionally, 
parental consent and child assent forms were obtained from all participants prior to starting the 
study. 
Participants were taught a 90-minute physical education class by three physical education 
teachers on alternate days. The teachers were certified and had more than 10 years teaching 
experience in school settings. The general instructional protocol included taking attendance when 
students arrived in the gym followed by student participation in warm-up and physical activities. 
A typical class included explaining and demonstrating skills to be learned, organizing and 
monitoring students for practice during the middle of the class, and providing and offering 
feedback to the lesson at the end of the class. Curriculum activities consisted of a variety of 
games and sport skills, including capture the flag, jogging, tennis, and other physical fitness 
activities. During the period of the data collection, all the students participated in tennis classes 
on outdoor courts.  
Instrumentation 
Demographic Variables. Self-reported information on grade, age, sex, and race were 
obtained from the questionnaires to characterize the sample.  
Perceived Need Support. Perceived autonomy support, perceived competence support, 
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and perceived relatedness support were assessed using three previously validated scales. 
Perceived autonomy support was measured using the six-item physical education-modified 
health care climate questionnaire (HCCQ; Williams, Grow, Freedman, Ryan, & Deci, 1996). 
Example items include “My physical education teacher conveys confidence in my ability to do 
well in the course” and “My physical education teacher encourages me to ask questions.” To 
assess the degree of the participants’ perceived competence support in physical education, four 
items based on the recommendation of Standage et al. (2005) were used. A sample item is “The 
physical education teacher makes us feel like we are able to do the activities in class.” 
Additionally, to assess students’ perceived relatedness support, a five-item scale was used 
(Standage et al., 2005). “The physical education teacher encourages us to work together in 
practice” is an example item. The participants responded to these items on scales ranging from 1 
(strongly disagree) to 7 (strongly agree). Each item followed the stem “In my physical education 
class.” Evidence for the reliability of these three scales has been provided by Standage et al. 
(2005), and the three scales were shown to have adequate internal reliability coefficients in this 
study (see Table 1).  
Perceived Need Satisfaction. Three previously validated scales were used to assess 
participants’ perceived autonomy, competence, and relatedness. Perceived autonomy toward 
physical education was assessed using a six-item scale devised by Standage et al. (2005). 
Preceded by the stem “In my physical education class,” the participants responded to items such 
as “I can decide which activities I want to practice” and “I feel a certain freedom of action.” 
Perceived competence was measured using five items from the perceived competence subscale 
of the Intrinsic Motivation Inventory (Ryan, 1982). Reworded to target the physical education 
context, exemplar items are “I think I am pretty good at physical education” and “I am pretty 
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skilled at physical education.” Additionally, the participants’ perceived relatedness was measured 
using the physical education-modified subscale of the Need for Relatedness Scale (Richer & 
Vallerand, 1998). Preceded by the stem “With the other students in this physical education class I 
feel,” the participants responded to five items such as “supported,” “understood,” and “valued.” 
Participants responded to all of these items using a 7-point Likert-type scale anchored by 1 
(strongly disagree) to 7 (strongly agree). Using Cronbach’s Alpha coefficients, previous work 
with similar-aged British children in physical education has supported the internal reliability of 
these three scales (Standage, Duda, & Ntoumanis, 2006), and the three scales had adequate 
internal reliability coefficients in this study (see Table 1).  
Intrinsic Motivation. Students’ intrinsic motivation in physical education was assessed 
using a four-item questionnaire devised and used by Goudas, Biddle, and Fox (1994). The stem 
for the four items was “I take part in my physical education class.” Example item included 
“because physical education is fun,” “because of the enjoyment that I feel while learning new 
skills or techniques.” The study questionnaires reflect 7-point Likert-type scales with responses 
ranging from 1 (strongly disagree) to 7 (strongly agree). The internal consistency of this subscale 
for the present sample was satisfactory (see Table 1). 
Physical Activity. The Physical Activity Questionnaire for Older Children (PAQ-C) was 
used to assess students’ levels of physical activity within and beyond school settings. It is a 7-day 
recall questionnaire intended to assess moderate to vigorous physical activity in older children 
beyond grade three. The PAQ-C composite is calculated as the mean of the nine items, and all 
items from the PAQ-C were scored on a 5-point scale (Crocker, Bailey, Faulkner, Kowalski, & 
McGrath, 1997; Kowalski, Crocker, & Faulkner, 1997). The PAQ-C is a reliable measure of 
physical activity for grade four students and beyond (Sallis, Buono, Roby, Micale, & Nelson, 
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1993). The internal consistency of this subscale for the present sample was satisfactory (see 
Table 1). 
Procedures 
The questionnaires were administered at the start of students’ regular physical education 
classes. Prior to questionnaire administration, participants were informed that there were no right 
or wrong answers, and that they could decline participation in the study or withdraw at any time. 
The students were also told that their physical education teachers would not have access to their 
responses. The researchers distributed the questionnaires and helped the participants who had 
questions pertaining to the wording of any of the items. Students completed the questionnaires in 
approximately 20 minutes. 
Data Analyses 
Using the Statistical Package of the Social Sciences (SPSS 16.0), internal consistency 
estimates and descriptive statistics were calculated on all study variables. Pearson correlations 
were also computed to examine the bivariate relationships of the variables. Using AMOS 16.0, a 
structural equation modeling analysis with maximum likelihood estimation was conducted to 
examine the hypothetical model in Figure 1.  
RESULTS 
Descriptive Analyses and Scale Reliability 
Alpha coefficients and descriptive statistics for each measure are presented in Table 1. As 
shown, self-report measures demonstrated acceptable levels of reliability, exceeding Nunnally’s 
(1978) criterion of .70. The mean scores of the self-reported variables were above the midpoint, 
showing positive perceptions of the study constructs and participation in some forms of physical 
activity.  
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Pearson bivariate correlations were computed in order to determine the relationships 
among need support from physical education teachers, need satisfaction, intrinsic motivation in 
physical education, and physical activity participation. These values are presented in Table 1. As 
shown, all correlations between the variables are positive and significant at the p< .01 level. 
Consistent with the theoretical prediction, need support was positively correlated with need 
satisfaction, intrinsic motivation, and physical activity participation. Need satisfaction was 
positively associated with intrinsic motivation and physical activity participation. Further, 
intrinsic motivation in physical education was also positively related with physical activity 
participation in the present study.  
Table 1.  Descriptive statistics, internal consistency, and correlations among variables  
Subscale 1 2 3 4 5 6 7 8 
1. Autonomy support (.93)        
2. Competence support .69 (.92)       
3. Relatedness support .68 .85 (.91)      
4. Autonomy .58 .63 .69 (.80)     
5. Competence .49 .55 .59 .58 (.72)    
6. Relatedness .53 .57 .54 .48 .45 (.94)   
7. Intrinsic Motivation .50 .60 .59 .60 .55 .53 (.84)  
8. Physical Activity .36 .38 .36 .39 .44 .34 .43 (.75) 
M/SD 
(N =286) 
4.14 
1.59 
4.47 
1.53 
4.57 
1.46 
4.19 
1.25 
4.66 
1.05 
4.84 
1.53 
4.84 
1.36 
3.23 
.68 
Note. Cronbach’s alpha coefficients are provided along the diagonal; M = mean; SD = standard 
deviation; Bivariate correlations among the study variables are significant at the p< .01 level. 
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Structural Equation Model 
A structural equation modeling (SEM) analysis (AMOS 16.0) was used to test the model 
in Figure 1. To evaluate the fit of the model to the data, various indices of fit were examined. 
Specifically, the Comparative Fit Index [CFI] and Bentler-Bonett Nonnormed Fit Index [NFI] 
values exceeding 0.90 and 0.95 are typically considered indicative of acceptable fit (Hu & 
Bentler, 1999; Marsh, Hau, & Wen, 2004). Values less than 0.08 obtained from the Root Mean 
Square Error of Approximation [RMSEA] suggest a well-fit model, whereas values exceeding 
0.10 are typically undesirable (Browne & Cudeck, 1993; West, Finch, & Curran, 1995). 
Based on the goodness-of-fit statistics, the sample covariance matrix exhibited an 
acceptable fit to the hypothesized model (e.g., RMSEA = .08; CFI = .97; NFI = .96; Hu & Bentler, 
1999; MacCallum, Browne, & Sugawara, 1996). Although the χ² statistic was significant (χ² [19, 
N = 286] = 54.6, p = .001), the ratio of χ²/df indicated an acceptable model fit given that sample 
size influences the χ² statistic (54.6/19 = 2.8 < 5; Kline, 1998). Figure 1 represents the 
standardized parameter estimates of the full model. All parameter estimates (for both the 
measurement model and path model) were statistically significant (p ≤ .05) with appropriate 
magnitude and direction. Perceived need support had a large effect on perceived need 
satisfaction ( ̂ β  = .89), and perceived need satisfaction had a large effect on intrinsic motivation 
( ̂ β   = .75). Similarly, intrinsic motivation had a significant effect on physical activity ( ̂ β  = .43). 
The variance explained in the dependent variables by the model was as follows: η2 for physical 
activity = 19%, η2 for intrinsic motivation = 56%, and η2 for need satisfaction = 80%. The 
indirect effects of need support on intrinsic motivation and physical activity (.67 and .29, 
respectively) and the indirect effect of need satisfaction on physical activity (.32) were moderate 
to large and thus the mediating role of need satisfaction and intrinsic motivation on physical 
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activity was supported (Baron & Kenny, 1986). 
 
                                                             
 
 
Figure 1. Full model of the hypothesized variables  
Note. Solid lines represent significant standardized parameter estimates. Circles represent latent 
variables, squares represent observed variables (or indicators of the latent variables).  
 
DISCUSSION 
The purpose of this study was to further our understanding of students’ motivation and 
physical activity by examining the relationship between need support from physical education 
teachers and physical activity through need satisfaction and intrinsic motivation based on the 
self-determination theory. It was expected that need support from physical education teachers 
would positively relate to the students’ psychological need satisfaction, students’ psychological 
need satisfaction would predict intrinsic motivation in physical education, and students’ intrinsic 
motivation in physical education would positively predict students’ physical activity 
participation within and beyond school settings. The hypothesized model fit the sample 
covariance matrix, supporting these relationships. Additionally, the mediating role of need 
satisfaction and intrinsic motivation on physical activity was supported. 
In accordance with the hypotheses, the findings of this study demonstrated that perceived 
need support from physical education teachers positively related to the students’ autonomy, 
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competence, and relatedness, predicting their overall psychological need satisfaction. From a 
practical perspective, this finding indicates that providing supportive environments can meet 
students’ psychological needs (Hagger & Chatzisarantis, 2007). Specifically, physical education 
teachers can structure autonomy supportive environment by listening to students’ concerns, 
making activities accessible to all, and asking students for activity-related ideas and input. 
Promoting challenging but realistic tasks, providing constructive feedback, setting attainable 
goals, and emphasizing self-referenced standards and self-improvement are strategies that 
physical education teachers can use to allow students the opportunity to achieve a sense of 
success and maintain positive perceptions of competence. When physical education teachers 
focus on cooperative learning (e.g., small group activities) by establishing peer-learning groups 
and structuring opportunities for positive peer interaction, they can enhance students’ perceptions 
of relatedness (Ntoumanis, 2001, 2005; Standage, Duda, & Ntoumanis, 2005). The results of this 
study suggest that when teachers employ these strategies effectively, their students’ 
psychological needs are met.   
The results also showed that need satisfaction predicted students’ intrinsic motivation in 
physical education. The constructs of perceived autonomy, competence, and relatedness 
represent the nutriments that facilitate students’ intrinsic motivation. This result is consistent 
with the tenets of self-determination theory (Deci & Ryan, 1985), and is also consistent with 
recent work with regard to similar-aged British children in PE (Ntoumanis, 2005; Standage et al., 
2005, 2006). Based on these findings, physical education teachers should focus on helping 
students choose the right physical activities for them, involving them as much as possible in the 
decision-making process, selecting physical activities in which students can learn and make 
progress, and encouraging them to develop good relationships with their classmates in physical 
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education classes (Standage, Duda, & Ntoumanis, 2005). In doing so, students’ three innate 
psychological needs can be met and their intrinsic motivation can be fostered.   
Intrinsic motivation in physical education positively predicted students’ physical activity 
participation within and beyond school settings, which is also consistent with our hypotheses. 
This finding makes conceptual sense, because students who enjoy physical education and 
appreciate the benefits resulted by physical education will be more likely to participate in 
physical activity within and beyond school physical education, compared with those who are 
extrinsically motivated to be physically active, or feel pressured to participate in physical 
education classes. This result and the findings from similar studies suggest that physical 
education teachers should promote students’ high levels of intrinsic motivation in quality school-
based physical education programs, which should foster students’ regular physical activity 
participation beyond the school setting (Standage et al., 2005, 2006).  
Clearly, the present study provides empirical support for the hypotheses, and provides a 
solid basis for further study. Subsequent research efforts should be designed to address inherent 
limitations in this study, as well as to extend this line of inquiry. First, we relied on self-report 
physical activity rather than an objective measure. Incorporation of more objective measures of 
physical activity such as accelerometers, heart rate monitors, or pedometers would provide a 
more valid assessment of physical activity levels. Second, more studies should examine the 
influence of additional social environmental factors such as parents’ and friends’ influence on 
students’ motivation and physical activity behavior. Finally, the cross-sectional research design 
limits the causal inferences in the present study. Longitudinal research or a prospective research 
design is needed to investigate the temporal relations among need support from physical 
education teachers, need satisfaction, student motivation in physical education, and physical 
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activity across the school year. 
            In conclusion, the findings of this study highlight the importance of a need-supportive 
environment. Perceived need support from physical education teachers can promote middle-
school physical education students’ physical activity participation by meeting their psychological 
needs and enhancing their intrinsic motivation in physical education. Collectively, the results of 
this study support the tenets of the self-determination theory and provide useful insights for 
physical education teachers, health promotion professionals, and researchers. 
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CHPATER 3: SCHOOL CHILDREN’S PHYSICAL ACTIVITY: INDIVIDUAL, SOCIAL 
AND PHYSICAL ENVIRONMENTAL CORRELATES 
INTRODUCTION 
            Promoting children and adolescents’ regular physical activity participation is a public 
health priority (Centers for Disease Control and Prevention [CDC], 1997; U.S. Department of 
Health and Human Services [USDHHS], 2000; 2004). Despite well-documented health benefits 
of engaging in regular physical activity, school children do not meet recommended physical 
activity guidelines to promote health within the time allotted for instruction in school physical 
education programs (McKenzie, 2001; National Association for Sport and Physical Education 
[NASPE], 2004; Wallhead & Buckworth, 2004). Based on the notion that engagement in regular 
physical activity during childhood and adolescence can positively influence lifetime activity 
levels, and that physical activity is important to physical and mental health (CDC, 1997; Daley, 
2002; Pate, Baranowski, Dowda, & Trost, 1996; Sallis & McKenzie, 1991), it is important to 
examine how to increase the proportion of school children who engage in regular physical 
activity within and beyond school settings (e.g., leisure-time physical activity). Identifying 
multiple theory-based factors that influence physical activity behavior has the potential to 
provide a clearer understanding of the decisions school children make regarding being physically 
active. This effort also can facilitate the development of effective intervention strategies aimed at 
the prevention of physical inactivity and obesity among school children. 
            To date, published research on the predictors or correlates of physical activity behaviors 
has primarily focused on individual-level factors such as age, gender, self-efficacy, perceived 
enjoyment, knowledge, and motivation (Sallis et al., 2000; Trost et al., 2002; Trost, Kerr, Ward, 
& Pate, 2001; Welk, 1999). The individual-level approach often ignores the broader 
environmental context in which the physical activity of individuals occurs (McKenzie et al., 
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1995; Richard, Potvin, Kishchuk, Prlic, & Green, 1996; Sallis & Owen, 1997, 2002). Given that 
most physical activity behaviors occur in social and physical contexts rather than in indoor 
facilities, the relative influences of the relevant social and physical contexts in which such 
physical activity behaviors take place have received increased attention (Ewing, 2005; Ferreira et 
al., 2006; French, Story, & Jeffrey, 2001; McKenzie, Marshall, Sallis, & Conway, 2000).  
            “Social ecological” refers to individuals’ interactions with their physical and socio-
cultural environment (Moos, 1980; Sallis & Owen, 1999). Over the past decades, the social 
ecological models of human behavior have been used as paradigms and organizational 
frameworks for research and action in many disciplines, such as tobacco control (Elder & Stern, 
1986) and human development (Bronfenbrenner, 1979). The social ecological models of human 
behavior were first introduced in the health field as a means of gaining a better understanding the 
role of human behavior in lifestyle chronic diseases (McLeroy, Bibeau, Steckler, & Glanz, 1988). 
            Social ecological models are attractive for health promotion programs and interventions 
because the models acknowledge the multiple levels of influences rather than having a 
conventional unitary focus on individual-level factors (Sallis & Owen, 1997, 2002). Of particular 
importance in this multilevel approach is the simultaneous consideration of the interaction of 
individual factors and multilevel contextual factors. Therefore, social ecological models address 
both the dynamics of individual health behavior and give direction to the design of intervention 
strategies (Booth et al., 2001). For example, it is suggested that interventions are most effective if 
they encompass multiple levels of influences, such as interpersonal, intrapersonal, institutional, 
community and public policy (Brownson, Baker, Housemann, Brennan, & Bacak, 2001). 
            According to social ecological models, the term “environment” refers to the objective 
factors that are physically external to the person (Stokols, 1992, 1996). Examples of the social 
22 
 
environments might include parents’ support at home and teachers’ support in the physical 
education classroom. Factors related to physical environment influences include elements such 
as the availability of physical activity facilities, conveniences of facilities, and the safety of 
physical activity settings. Public policies might include rules, laws, or regulations that shape 
environmental or policy attributes conducive to physical activity (Sallis & Owen, 1999). 
Although McLeroy and his colleagues (1988) did not specify physical environment factors in 
their social ecological models, Stokols (1996) contends that physical environment factors are 
essential elements of social ecological models of health behavior. More important, social 
ecological model are particularly suited for studying physical activity because physical activity 
behaviors must take place in specific physical settings that are likely to influence an individual’s 
choice to be physically active (Giles-Corti, Timperio, Bull, & Pikora, 2005). Thus, the concepts 
of “behavior setting” is particular useful for ecological studies of physical activity (Brownson et 
al., 2000; Powell, Kreuter, & Stephens, 1991; Sallis & Owen, 1997, 2002). 
Social Ecological Models and Physical Activity 
            The social ecological model provides an innovative theoretical framework to guide the 
investigation of multiple factors influencing physical activity behavior change (McLeroy et al., 
1988; Stokols, 1992, 1996; Sallis & Owen, 1997, 2002). Specifically, social ecological models 
examine interactive relationships between the individual and multiple levels of the environment 
to understand when and how people initiate, adopt, and maintain physically active lifestyles 
(Green, Richard, & Potvin, 1996; King et al., 2003; Owen et al, 2004; Owen et al, 2000). The 
social ecological model is grounded in the assumption that considering the combination of 
individual, social environmental, and physical environmental factors will best explain outcome 
behaviors, including physical activity behavior (MacIntyre & Ellaway, 2000; Sallis, Bauman, & 
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Pratt, 1998; Sallis & Owen, 1997, 2002). This means that the physical and social context could 
frame individual cognitions and perceptions that either encourage or discourage physical activity. 
            The use of social ecological models to promote physical activity has received prominent 
attention in key publications, such as the Surgeon General’s Report on Physical Activity and 
Health (2000), and the Centers for Disease Control and Prevention’s “Promoting Physical 
Activity: A Guide for Community Action” (1999). For example, Health People 2010 included a 
physical activity objective to improve access to physical activity facilities (USDHHS, 2000). 
Environmental and policy changes are also the primary strategy proposed for obesity control by 
the World Health Organization, and the Institute of Medicine (2001) report on preventing 
childhood obesity (Smedly & Syme, 2000). 
            In addition, to date numerous researchers have advocated the use of multidimensional 
social ecological models of human behavior as an organizational framework to identify specific 
correlates that may influence adults’ physical activity (e.g., Addy et al., 2004; Ainsworth, Wilcox, 
Thompson, Richter, & Henderson, 2003; Ball, Bauman, Leslie, & Owen, 2001; Booth, Owen, 
Bauman, Clavisi, & Leslie, 2000; Catlin, Simoes, & Brownson, 2003; De Bourdeaudhuij et al., 
2003; Young & Voorhees, 2003). For example, Addy and his associates (2004) found that 
perceptions of active neighbors, having access to sidewalks, and using malls were associated 
with regular walking. Additionally, respondents who had good street lighting, trusted their 
neighbors, and used private recreational facilities, parks, playgrounds, and sport fields were more 
likely to be physically active. It is widely recognized that incorporating interpersonal, 
intrapersonal, and environmental and policy factors can increase our understanding about change 
in adults’ physical activity (Sallis, Hovell, & Hofstetter, 1992; Sallis & Owen, 1999). 
            The social ecological models describe health behaviors such as physical activity as a 
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dynamic process that is simultaneously influenced by aspects of the social environments, 
physical environments, as well as personal attributes of individual (e.g., self-efficacy, perceived 
enjoyment, and self-determined motivation). The social ecological models propose that the 
individual, social environmental, and physical environmental factors may respectively 
predispose, reinforce, or enable people to be physically active (Maclntyre & Ellaway, 2000; 
Welk, 1999). The inclusion of social and physical environmental factors in investigating physical 
activity behaviors among school-aged students by applying powerful social ecological models is 
an important next step in physical activity research. 
Although the social ecological model provides an attractive conceptual basis for 
understanding the specific correlates of physical activity behavior, and several researchers have 
used this model as a framework to study adults’ physical activity (e.g., Ainsworth et al., 2003), 
there is limited empirical evidence of the application of the social ecological model for physical 
activity behavior among school-aged children (Welk, 1999). To increase school children’s 
activity levels and achieve public health goals, there is an emerging trend calling for social 
ecological approaches that incorporate individual, social environmental, and physical 
environmental factors to complement the conventional research paradigm of individual-centered 
influences on physical activity (Humpel, Owen, & Leslie, 2002; Owen et al, 2000; Sallis & 
Owen, 1997, 2002).  
Purpose  
            The main purpose of this study was to investigate the relationships among individual 
(self-efficacy), social environmental (parents’ support, friends’ support, and physical education 
teachers’ support), physical environmental variables (equipment accessibility and neighborhood 
safety), and physical activity behaviors among middle school students based on the social 
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ecological models. The second purpose of this study was to determine the relative contributions 
of individual (self-efficacy), social environmental (parents’ support, friends’ support, and 
physical education teachers’ support), physical environmental variables (equipment accessibility 
and neighborhood safety) to students’ physical activity participation. Specifically, the following 
research question was addressed: After accounting for the influence of self-efficacy, what are the 
unique contributions of social environmental and physical environmental variables to middle 
school children’s physical activity behavior? 
METHODS 
Participants  
            Participants in this study were 285 middle school students (95 6th graders; 98 7th graders; 
92 8th graders; 142 boys; 143 girls) enrolled in regular physical education classes in a public 
school located in a southern state in the United States. The participants were in 9 different classes 
that offered coeducational physical education taught by three certified physical education 
teachers. All participants were accepted that met the inclusion criteria and signed a child assent 
form. Ages of the participants ranged from 12 to 15 years of age (Mean = 13.36; SD = 1.03). The 
majority of the participants were Caucasian (81.4%).  
Measures 
Demographic Variables. To characterize the participants in this study, self-reported 
personal information on grade, age, sex, and race were obtained from the questionnaires. 
Individual Factor. To assess students’ self-efficacy, an eight-item scale that pertained to 
confidence in students’ ability to be physically active was used in this study (Motl et al., 2000). 
Participants were asked to rate each of the eight statements by responding to the stem, “How do 
you feel about each of the following statements?” Typical items were: “I can ask my parents or 
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other adult to do physically active things with me,” and “I can be physically active during my 
free time on most days no matter how busy my day is.” The items were rated on a five-point 
scale with responses ranging from 1 (disagree a lot) to 5 (agree a lot). The mean of these eight 
items was taken to give an overall indication of the magnitude of a student’s efficacy beliefs for 
physical activity. Acceptable internal consistency and validity have been reported for this 
measure (Motl et al., 2000). 
            Social Environmental Factors. Social environmental factors were assessed by using two 
previously validated questionnaires. The participants’ perceived social support from friends and 
parents was assessed with a scale developed by Prochaska, Rodgers, and Sallis (2002). The scale 
consisted of a total of ten items, five addressing friends’ support and five addressing parents’ 
support. The stem for these items was “During a typical week, how often…” Items related to 
friends’ support included questions about encouragement and praise from friends, engaging in 
activities with friends, and being teased by friends. Questions assessing parents’ support focused 
on providing encouragement and praise, engaging in activities, and providing support, such as 
transportation. One example related to friends’ support is: “your friends encourage you to do 
physical activities or play sports.” An example related to parents’ support is: “your parents or 
guardian encouraged you to do physical activities or play sports.” Students rated each item on a 
5-point Likert scale, ranging from 1 (none) to 5 (every day). The internal consistency of the items 
evaluated social support from friends and social support from parents were acceptable in 
previous studies (Prochaska, Rodgers, & Sallis, 2002). 
            Perceived social support from physical education teachers was assessed by a six-item 
scale with response options ranging from 1 (disagree a lot) to 5 (agree a lot) (Daigle, 2003). On 
this instrument, participants reported physical education teachers’ support focused on providing 
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fair treatment toward each student, participating in activities in class, providing encouragement 
and praise, giving help based on students’ needs, and listening to students’ opinions or concerns.  
The stem for these items was “In my physical education class.” Teacher support statements 
included: “my teacher really listens to what I have to say,” and “my teacher encourages me to be 
the best that I can be.” The reliability coefficient was acceptable in the previous study (Daigle, 
2003), and these scales demonstrated adequate internal reliability coefficients in this study (see 
Table 2). 
            Physical Environmental Factors. The physical environment scale developed by Motl et 
al. (2005) was used to assess students’ perceived equipment accessibility and perceived 
neighborhood safety. It is a 5-point Likert scale with responses ranging from 1 (disagree a lot) to 
7 (agree a lot). Sample answer items include “There are playgrounds, parks, or gyms close to my 
home or that I can get to easily,” and “It is difficult to walk or jog in my neighborhood because 
of things like traffic, no sidewalks, dogs, or gangs.” 
Physical Activity. The Physical Activity Questionnaire for Older Children (PAQ-C) was 
used to assess students’ levels of physical activity. It is a 7-day recall questionnaire intended to 
assess moderate and vigorous physical activity. The questions from the PAQ-C were scored on a 
5-point scale and used to calculate a composite physical activity score. The PAQ-C is a reliable 
and valid measure of physical activity for students beyond Grade 4 (Kowalski, Crocker, & 
Faulkner, 1997). The internal consistency of this subscale for the present sample was satisfactory 
(see Table 2). More detailed description is provided in the study one.  
Procedures 
            University Institutional Review Board, the school district, the school principal, and the 
physical education teachers granted permission to conduct the study, and participants and their 
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parent or legal guardian provided written assent forms and informed consent forms prior to the 
study. All questionnaires were administered and collected during regularly scheduled physical 
education classes. These questionnaires were distributed to all students under the supervision of 
the researchers with the assistance of the physical education teachers. Survey-based instructions 
were briefly explained before students filled out these questionnaires. All students were informed 
that their teachers would not have access to their responses. Students spent approximately 20 
minutes completing all questionnaires.  
Data Analyses 
            Prior to analyzing responses on the instruments, scores on the reversal items were 
transformed so that a score of 5 indicated the most positive response, and a score of 1 indicated 
the least positive response for all items. 
Three steps were used to analyze the data by using the SPSS 16.0. First, internal 
consistency estimates and descriptive statistics were calculated on all study variables. Second, 
Pearson product-moment correlations were computed to examine the interrelationships among 
the study variables. Third, a hierarchical regression analysis using the enter method within each 
block was used to determine the predictive strength of the individual factors (block 1), social 
environmental factors (block 2), and physical environmental factors (block 3) on physical 
activity behavior. An alpha level of .05 was used for all statistical analyses. 
RESULTS 
Descriptive Analyses and Scale Reliability 
Alpha coefficients and descriptive statistics for each measure are presented in Table 2. As 
shown in Table 2, alpha coefficients for self-reported measures demonstrated acceptable levels 
of reliability except for students’ perceptions of friends’ support (alpha coefficients .64) and 
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neighborhood safety (alpha coefficients .65), which was very close to the .70 cutoff. The mean 
scores of the self-reported variables were above the midpoint score showing positive perceptions 
of the study constructs and high levels of engagement in physical activity among middle school 
children.  
 
Table 2.  Descriptive statistics, internal reliabilities, and correlations among variables  
Variables 1 2 3 4 5 6 7 
1. Self-efficacy (.73)       
2. Friends’ Support .56** (.64)      
3. Parents’ Support .46** .61** (.81)     
4. Teachers’ Support .39** .37** .25** (.83)    
5. Equipment Accessibility .38** .36** .30** .26** (.70)   
6. Neighborhood Safety .29** .18** .17** .04 .22** (.65)  
7. Physical Activity .55** .50** .43** .36** .36** .15* (.75) 
M/SD 
(N = 285) 
3.68 
.75 
3.48 
.68 
3.56 
.84 
3.26 
.86 
3.87 
1.00 
4.02 
1.05 
3.23 
.68 
Note. Cronbach’s alpha coefficients are provided along the diagonal; M = mean; SD = standard 
deviation; * p < .05; ** p < .01.  
 
Pearson product-moment correlations were computed in order to determine the 
relationships among individual (self-efficacy), social environmental (parents’ support, friends’ 
support, and physical education teachers’ support), physical environmental variables (equipment 
accessibility and neighborhood safety), and physical activity behaviors among middle school 
students. These values are presented in Table 2. As shown, correlations between the variables are 
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positively and significantly related to one another (r’s ranging from .15 to .61, p < .01), except 
for the relationship between teachers’ support and neighborhood safety. Consistent with the 
theoretical predictions, individual variable (self-efficacy) was positively correlated with social 
environmental variables (parents’ support, friends’ support, and physical education teachers’ 
support), physical environmental variables (equipment accessibility and neighborhood safety), 
and physical activity participation. Except for the relationship between teachers’ support and 
neighborhood safety, social environmental variables (parents’ support, friends’ support, and 
physical education teachers’ support) were positively associated with physical environmental 
variables (equipment accessibility and neighborhood safety) and physical activity participation. 
Further, physical environmental variables (equipment accessibility and neighborhood safety) 
were also positively related with physical activity participation in the present study.  
            The results of the hierarchical regression were reported in Table 3.  As shown, in the first 
block self-efficacy accounted for 30.6% of the variance in physical activity ( ̂ β  = .55, p< .01). 
When social environmental factors (parents’ support, friends’ support, and physical education 
teachers’ support) were entered in the second block, the model accounted for an additional 7.6% 
of the variance in the dependent variable above the influence of self-efficacy.  Self-efficacy ( ̂ β  
= .34, p< .01), friends’ support ( ̂ β  = .19, p< .01), parents’ support ( ̂ β  = .13, p< .05), and 
physical education teachers’ support ( ̂ β  = .12, p< .05) were significant predictors of students’ 
physical activity participation in the second model. Further, the contribution of physical 
environmental variables (equipment accessibility and neighborhood safety) in the third block 
was also statistically significant, increasing the variance accounted for by 1.1%.  The final model 
accounted for 39.3% of the variance in self-reported physical activity. Significant predictors, in 
descending order of importance, were self-efficacy ( ̂ β  = .32, p< .01), friends’ support ( ̂ β  = .17, 
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p< .01), parents’ support ( ̂ β  = .12, p< .05), physical education teachers’ support ( ̂ β  = .11, 
p< .05), and equipment accessibility ( ̂ β  = .11, p< .05). Neighborhood safety was not a 
significant predictor in the final model.  
Table 3. Hierarchical regression of the social ecological factors on activities (N =285) 
Independent variables R2 R2 Change   ̂ β   F Value 
Block 1 .306 .306  124.79** 
Self-efficacy 
 
  .55**  
Block 2 .382 .076  43.35** 
Self-efficacy 
Friends’ support 
Parents’ support 
Teachers’ support 
  .34** 
.19** 
.13* 
.12* 
 
 
Block 3 
 
.393 
 
.011 
  
30.00** 
Self-efficacy 
Friends’ support 
Parents’ support 
Teachers’ support  
Equipment accessibility 
Neighborhood safety 
  .32** 
.17** 
.12* 
.11* 
.11* 
-.03 
 
Note. R2 values are cumulative, with each incremental step adding to the variance explained;   ̂ β      
         values are standardized regression coefficients from the final stage of the regression   
         analysis. * p < .05; ** p < .01.  
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DISCUSSION 
            The main purpose of this study was to investigate how individual (self-efficacy), social 
environmental (parents’ support, friends’ support, and physical education teachers’ support), and 
physical environmental variables (equipment accessibility and neighborhood safety) influence 
physical activity behavior among middle school children based on the social ecological model. It 
was hypothesized that there were positive relationships among the study variables, and social 
environmental and physical environmental variables can positively contribute middle school 
children’s physical activity participation after the influence of self-efficacy has been taken into 
account, and these hypotheses were supported. This highlights the contention that supportive 
social and physical environments can positively influence middle school students’ physical 
activity participation beyond individual factors, and the findings of this study provided 
preliminary support for the theoretical concepts of social ecological model.  
            Self-efficacy has consistently been one of the strongest predictors of middle school 
students’ physical activity participation, suggesting that when students have high levels of self-
efficacy, they tend to persist in the face of difficulty and actively participate in physical activity. 
That is, school children with higher self-efficacy were more likely to engage in physical activity 
regularly than those with low levels of self-efficacy. Consistent with previous studies, this 
finding highlighted that health promoters and physical educators should focus on enhancing 
students’ confidence in physical activity by promoting successful and positive learning 
experiences in order to encourage them to adopt and maintain regular physical activity (Sallis, 
Prochaska, & Taylor, 2000; Trost, Saunders, & Ward, 2002). Several strategies can be used to 
increase students’ physical activity self-efficacy. For example, students should be given enough 
time to practice the motor skills without giving students a specific number that they should 
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complete. Further, students should be instructed to set personal achievement goals and 
emphasize personal improvement during the practice in class. In other words, health promoters 
and physical educators should make every effort to ensure that activities are tailored to meet 
students’ current ability levels and maximize their perceptions of competence (Goudas et al., 
1994).   
            Social support from friends, parents, and physical education teachers emerged as 
significant predictors of self-reported engagement in physical activity in this study, accounting 
for a significant portion of the variance beyond the contribution of self-efficacy. Specifically, 
friends’ support played a significant role in the levels of school students’ physical activity. There 
are several ways to develop good relationships among students. For example, students can give 
positive encouragement and constructive feedback to their peers. They can develop strong and 
positive peer interactions through emphasizing cooperative goals, encouraging problem solving, 
and sharing decision making in activities. They can dialogue about problems and potential 
solutions, help each other to reach goals, restructure common activities, and reduce obvious 
displays of social status. After developing good friendships, students can have positive affective 
responses that are associated with active participation in physical activity (Weiss & Stuntz, 2003). 
            Parents’ support was also a significant influence on school children’s physical activity, 
and an important component of a supportive social environment. This finding indicates that 
parents can positively support children’s physical activity participation through their beliefs and 
behaviors. For instance, parents can communicate their children the value of physical education 
and sport, encourage their children’s involvement in physical activity, provide financial support 
for physical activity equipment and lessons, and watch or attend their children’s games and 
activities. In addition, they can support children’s participation by listening to their children’s 
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concerns, providing encouragement to participate in physical education and sport, and 
communicating positive feedback about their children’s ability, and make it easier for them to 
accept failure or making errors (Fredricks & Eccles, 2003).  
            Additionally, perceived physical education teachers’ support emerged as a significant, 
positive predictor of students’ physical activity participation. This finding supports the notion 
that social support provided by the physical education teacher is essential for students’ 
engagement in physical activity (Deci & Ryan, 2000). For example, physical education teachers 
can facilitate the adoption of school children’s physically active lifestyles through the supportive 
environment they create. To create an supportive environment in physical education classes, it is 
recommended that physical education teachers provide students with choice as often as possible, 
involve students in the decision-making and goal-setting processes, acknowledge students’ 
perspectives and feelings, provide positive and appropriate informational feedback, focus on 
self-improvement rather than social comparison, highlight the importance of perseverance and 
effort, demonstrate or establish peer learning groups, give students cooperative tasks with a 
clearly defined goal, and develop positive teacher-student and student-student relationship based 
on respect, trust, and caring (Daigle, 2003). 
Finally, equipment accessibility emerged as a significant physical environmental factor 
on students’ physical activity after self-efficacy and social support from friends, parents, and 
physical education teachers had been taken into account. This finding provided initial evidence 
that increasing the awareness of accessible equipment in the environment might be a means of 
increasing physical activity among school children. Although the contribution of equipment 
accessibility to students’ physical activity is relatively small, increasing some forms of physical 
activity for large population in a specific setting may be very important in efforts to promote 
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physical activity levels of school students who are sedentary. Health promoters and practitioners, 
therefore, need to collaborate with administrators or policy makers to provide enough equipment 
within a specific setting. Given that perceived safety was not a predictor of school children’s 
physical activity in the present study, more research is needed to examine the influence of the 
physical environmental factors on physical activity in school children in order to identify the 
key-specific elements of the perceived physical environment that correlate with physical activity 
(Motl et al, 2005). 
            Although the findings of the present study provided support for the hypotheses, one of 
the limitations of this study was that the measure of students’ physical activity behaviors was 
self-reported. Future research should include objective assessment techniques such as 
accelerometers, pedometer, and heart rate monitors in order to accurately measure students’ 
physical activity engagement. In addition, the correlational nature of this study did not 
completely support a causal inference. A longitudinal or prospective research design is needed in 
the future work. Finally, future research would also be well served by using structural equation 
modeling techniques to assess the potential direct or indirect pathways through which individual, 
social environmental, and physical environmental variables influence physical activity for school 
children. Such procedures can provide more detailed information with regard to the nature of the 
interrelationship among these variables while accounting for measurement error.  
            In conclusion, the results of this study have provided us with a clearer understanding of 
individual, social environmental, and physical environmental factors to predict middle school 
children’s physical activity participation. Based on the findings and consistent with previous 
research, this study underscored that self-efficacy was the strongest correlate of physical activity. 
The findings also highlighted the unique contributions of specific social environmental variables 
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(e.g., social support from friends, parents, and physical education teachers) and physical 
environmental variables (e.g., accessible equipment) on middle school children’s physical 
activity. These results suggest that higher levels of social support and supportive physical 
environment for physical activity led to higher levels of physical activity participation among 
school children. Supportive social environments and physical environments can promote middle 
school children’s regular engagement in physical activity and help them adopt and maintain a 
physically active lifestyle. Finally, this study supported the use of the social ecological model in 
the investigation of physical activity among school children. Health promoters and practitioners 
need to consider multilevel factors based on the social ecological model as they design effective 
interventions to promote physical activity among school children and encourage them to adopt 
and maintain a physically active lifestyle. 
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CHAPTER 4: DESIGNING SUPPORTIVE ENVIRONMENTS TO PROMOTE ACTIVE 
LIFESTYLES: INTEGRATION OF THE SOCIAL ECOLOGICAL MODEL AND SELF-
DETERMINATION THEORY 
INTRODUCTION 
Public health guidelines and national reports recommend children accumulate 60 minutes 
or more of moderate to vigorous physical activity that is developmentally appropriate, enjoyable, 
and involves a variety of activities on a daily basis for school-aged students (CDC, 1997; Corbin 
& Pangrazi, 2004; Council for Physical Education for Children, 2004; National Association for 
Sport and Physical Education [NASPE], 2006, 2008; Twisk, 2001; USDHHS/USDA, 2004). 
Research-based evidence, however, indicates that most school-aged students are insufficiently 
active or do not meet current recommendations of national guidelines for regular physical 
activity (Corbin, Welk, Lindsey, & Corbin, 2003; Hedley et al., 2004). Promoting the initiation 
and maintenance of adequate levels of physical activity, therefore, is a major public health 
concern (USDHHS, 2000). 
It is well-documented that social ecological models provide an overarching framework or 
set of theoretical principles for understanding the relationships among diverse individual (e.g., 
demographic, psychosocial), social environmental factors (e.g., social support from significant 
others, social capital in a physical activity setting), and physical environmental factors (e.g., 
conveniences of facilities, safety of physical activity settings) in physical activity behaviors 
(Stokols, 1996). A social ecological approach to understanding diverse correlates of individuals’ 
physical activity allows us to extend traditional behavioral and motivational theories to provide 
an analysis of important factors identified including organizational, environmental, community, 
interpersonal and intrapersonal resources (Grzywacz & Fuqua, 2000). 
Although the promise of social ecological models for improving individuals’ abilities to 
understand and improve their physical activity behavior has been acknowledged, several physical 
38 
 
activity researchers noted that there has been relatively little research designed to test social 
ecological perspectives or to examine the role of multiple influences on physical activity 
behavior (Sallis & Owen, 1999; King, Stokols, Talen, Brassington, & Killingsworth, 2002). 
Social ecological models describe physical activity behavior as a dynamic process that is 
simultaneously influenced by aspects of social environmental factors and physical environmental 
factors as well as personal attributes of individuals. To date, however, most previous studies have 
focused primarily on individual factors (e.g., self-efficacy, motivation) and less on aspects of the 
social environmental factors such as social support, and physical environmental factors such as 
facility accessibility and safety. Few studies have assessed how both environmental and 
individual factors are interrelated and interact to explain physical activity behaviors. 
Possible reasons or concerns in applying social ecological models include “the lack of 
sufficient specificity to guide conceptualization of a specific problem, identification of 
appropriate interventions, or clarity in determining when and where to intervene” (Fleury & Lee, 
2006, p. 137). Given this lack of specificity, theoretical and conceptual development is essential 
to the advancement of social ecological models to guide physical activity research targeting 
school-aged students (McLeroy et al., 1988).  
In addition, Smedley and Syme (2000) have recommended the integration of relevant 
theoretical perspectives with social ecological models to enhance specificity in problem 
identification and treatment at intrapersonal, interpersonal, and community levels of influence. 
Sallis and Owen (2002) also emphasized that the social ecological perspective is viewed as an 
overarching framework for understanding the interactions among diverse individual and 
environmental factors in human health behaviors such as physical activity participation. 
Although social ecological models typically present specific levels of variables to be considered 
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(McLeroy et al., 1988), the models do not give specific guidance on which variable within each 
level might be most important for the topic of interest. Because social ecological models 
typically lack specificity at all levels, other models or theories can be and need to be integrated 
into the social ecological model to enhance the understanding of all levels of influence (Elder et 
al., 2006; Sallis & Owen, 2002).  
A case in point is that King and his colleagues (2002) have proposed that integrating 
personal-level perspectives such as self-determination theory with environmental factors 
(physical and social environments) is an important step in efforts to clarify their potential 
relevance in the physical activity promotion field. They argue that exploring ways of combining 
the social ecological model with self-determination theory may offer a broader understanding of 
inherent factors in physical activity settings and enhance the potency of physical activity 
interventions for school-aged children.  
Self-determination theory and the hierarchical model of intrinsic and extrinsic motivation 
identify important individual factors and contextual factors that explain a significant portion of 
the variation in physical activity (Ryan & Deci, 2007). The social ecological model can assist in 
the investigation of multilevel correlates at the physical environmental, sociocultural, 
interpersonal, and intrapersonal levels that influence physical activity (Sallis & Owen, 1999, 
2002). Although these two theoretical frameworks make distinctions regarding theoretical 
underpinnings, both social ecological model and self-determination theory share individual 
factors and contextual factors as critical underlying components in physical activity (Fortier & 
Kowal, 2007). Therefore, integrating self-determination theory with the social ecological model 
may offer important and significant insights into the understanding of students’ motivation and 
the physical activity behavior change process, which could in turn guide the development of 
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intervention strategies promoting school-aged students’ active lifestyles.  
An Integrated Model 
There is growing interest in the social ecological perspective as a more productive 
framework for physical activity research (Cunningham & Michael, 2004). Researchers have 
often studied single theories or perspectives when investigating the relationship of school-aged 
students’ physical activity and influential factors. More research is needed that combines 
individual-level perspectives with social ecological models in the study of school students’ 
physical activity. A more thorough review of self-determination theory (study one) and the social 
ecological model (study two) has been presented earlier in this document and is not repeated here.  
Social ecological models underscore the dynamic interplay between environmental and 
individual factors, and environmental influences can play a direct and indirect role in shaping 
habitual physical activity behaviors (Humpel et al., 2002; McCormick et al., 2004; Saelens et al., 
2003). Little empirical evidence, however, supports these interrelationships between 
environmental and individual factors. The social ecological analyses also emphasize the 
interdependence of environmental conditions within particular settings and the interconnection 
between multiple settings, but little research has investigated specific features of the school 
and/or community environments that impact on school-aged students’ physical activity. More 
empirical study is needed to examine these relationships in school-aged students.  
Further, few studies have examined the relationships among a supportive social 
environment created by significant others such as physical education teachers, parents, friends, 
psychological need satisfaction, self-determined motivation, and achievement-related outcomes 
in middle school physical education based on the self-determination theory and the hierarchical 
model of intrinsic and extrinsic motivation (Ntoumanis, 2001, 2005; Standage et al., 2005). The 
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influences of multifaceted social environments, such as social support from physical education 
teachers, parents, and friends, on school students’ motivation and engagement in physical 
activity have also not been thoroughly explored. Additionally, no research has integrated 
physical environmental factors with a self-determination perspective to investigate school 
students’ physical activity levels. To deepen our understanding of self-determination theory, 
therefore, more research grounded in this theoretical framework is warranted and can provide us 
great insight for future research and action.  
It is well-known that participation in regular physical activity has been identified as an 
influential factor in promoting health for school students, and physical activity behaviors school 
students develop during their childhood and adolescence have a long-term impact on their 
lifelong physical activity habits. To promote physically active lifestyles and engagement in 
regular physical activity among middle school students, it is important to examine the complex 
network of relationships among physical environments, social support from significant others 
such as physical education teachers, parents, friends, students’ perceptions of psychological need 
satisfaction, intrinsic motivation, and school-aged students’ engagement in physical activity 
within and beyond physical education classes. The ultimate aim of this study was to integrate 
self-determination theory within the social ecological models to examine how supportive 
physical environments and social environments created by significant others affect students’ 
motivation and participation in physical activity. The goal is to learn how to create a supportive 
school physical activity environment that promotes the adoption of physically active lifestyles 
among school-aged students.  
One way to do this is to test hypothetical models that integrate these perspectives. Toward 
that end, using social ecological models and self-determination theory as guiding frameworks, a 
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hypothesized theoretical model was developed (see Figure 2). This hypothesized model was 
based on social ecological models of health behaviors and self-determination theory in addition 
to empirical evidence that demonstrates direct or indirect relationships among multilevel factors 
and physical activity. Based on the previous studies in physical activity, this theoretical model 
may be more successful than those relying solely on individual-oriented psychological theories 
since this model includes multilevel influences of physical activity. This effort was consistent 
with the national research agenda to promote the utilization of a dual-level framework to 
investigate multilevel influences of physical activity. The primary contribution of this research, 
therefore, was to simultaneously examine multilevel influences of individual, social 
environmental, and physical environmental correlates on school-aged students’ physical activity 
by integrating self-determination theory with the social ecological models. In doing so, important 
and significant insights into the understanding of middle school students’ motivation and 
physical activity behavior change process can be offered, which can in turn guide the 
development of intervention strategies promoting middle students’ active lifestyles.  
            Specifically, it was hypothesized that: (a) social environments created by physical 
education teachers, parents, and friends would directly relate to the students’ engagement in 
physical activity within and outside physical education classes, and would also indirectly predict 
students’ engagement in physical activity within and outside physical education classes, as 
mediated through students’ perceived psychological need satisfaction and self-determination 
motivation; (b) physical environments would directly relate to the students’ engagement in 
physical activity within and outside physical education classes, and would also indirectly predict 
students’ students’ engagement in physical activity within and outside physical education classes, 
as mediated through students’ perceived psychological need satisfaction and self-determination 
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motivation; and (c) higher levels of students’ perceived psychological need satisfaction would 
directly predict self-determination motivation, which in turn would directly predict students’ 
engagement in physical activity within and outside physical education classes.  
 
 
 
Figure 2.  Hypothesized Structural Model  
 
METHODS 
Participants and Settings  
It is widely acknowledged that students’ participation in physical activity within and 
beyond physical education classes actually declines over the school years, and this decline is 
greater for the middle school students than elementary school students (NASPE, 2004). 
Therefore, the participants of this study focus on middle school schools.  
Specifically, participants were 306 middle school students (103 6th graders; 99 7th graders; 
104 8th graders; 118 boys, 188 girls; M age = 12.47, SD = .97) enrolled in two public schools in 
the Southern region of the United States.  The ethnic composition of the participants was 71.6 % 
Caucasian, 18.6 % African American, 3.9 % Hispanic, 2.6 % Asian American, and 3.3 % other 
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ethnicity. Permission to conduct this study was obtained from the University Institutional Review 
Board, the school districts, the school principals, and the physical education teachers.  
Additionally, parental informed consent forms and child assent was obtained prior to the study.  
In the first school, participants were in 9 different coeducational physical educations 
classes, 3 classes in each grade. Most students were from middle and upper income families. The 
participants in each class had 50-minute physical education classes taught by 3 certified physical 
education teachers on alternate days.  The physical education teachers had more than 10 years 
teaching experience. They shared the teaching assignments in the three classes of each grade. In 
the second school, participants were enrolled in 6 different single gender physical education 
classes taught by 6 certified physical education teachers. One boy class and one girl class in each 
grade were recruited. The students of the same grade had 50-minute physical education classes 
daily. Most students came from low and middle income families. The typical instructional 
content in the two middle schools included a variety of physical activities and sports, such as 
jogging/walking, football, soccer, volleyball, and capture the flag. For the purpose of this study, 
all teachers agreed to have students play capture the flag on the days that activity data were 
collected.  
Instrumentation 
            Demographic Variables. Students’ demographic information, such as grade, gender, age, 
and race, were obtained from the questionnaires to identify the participants. To easily track 
students’ survey data and physical activity data, we also asked the students to report their school 
name and physical education teachers’ name.  
Self-determined Motivation. Students’ different types of motivational regulation in 
physical education (intrinsic motivation, identified regulation, introjected regulation, external 
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regulation, and amotivation) were assessed using a physical education-modified Perceived Locus 
of Causality scale (PLOC; Goudas, Biddle, & Fox, 1994). The stem for the items was “I take part 
in my physical education class.” Example items (20 items, four for each subscale) include: 
“because of the enjoyment that I feel while learning new skills or techniques” (intrinsic 
motivation), “because it is important for me to do well in physical education” (identified 
regulation), “because I will feel bad about myself if I didn’t” (introjected regulation), “because I 
will get into trouble if I don’t” (external regulation), and “but I really don’t know why” 
(amotivation). The study questionnaires reflect 7-point Likert scales with responses ranging from 
1 (strongly disagree) to 7 (strongly agree). Previous work with British school students (Goudas 
et al., 1994; Ntoumanis, 2001) supported the reliability of scores and factorial structure of this 
scale.  
            A composite index of self-determined motivation, self-determination index (SDI), was 
calculated to facilitate testing the hypotheses in this study because it is a conceptually 
meaningful way of scoring PLOC (Goudas et al., 1994). The SDI has been widely used in 
physical activity field and the validity of this procedure has been frequently documented (e.g., 
Gagne et al., 2003; Vallerand, 1997). The SDI was computed using the individual scale average 
scores as follows: SDI= (2 x Intrinsic) + (1 x Identified) – (1 x Introjected) – (2 x External).  
Need Satisfaction. Three previously validated questionnaires were used to assess 
participants’ perceived psychological need satisfaction (autonomy, competence, and relatedness). 
Perceived autonomy toward physical education was assessed using a five-item scale devised by 
Standage et al. (2005). Perceived competence was measured using five items from the perceived 
competence subscale of the 18-item Intrinsic Motivation Inventory (IMI; McAuley, Duncan, & 
Tammen, 1989). The participants’ sense of relatedness was measured using the physical 
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education-modified subscale of the Need for Relatedness Scale (Richer & Vallerand, 1998). 
Participants respond to all of these items using a 7-point Likert-type scale anchored by 1 
(strongly disagree) to 7 (strongly agree). These instruments were used in study one. The mean of 
these items was also used as an overall indication of students’ perceptions of psychological need 
satisfaction.              
Physical Education Teachers’ Support. Perceived social support from physical 
education teachers (autonomy support, competence support, and relatedness support) was 
assessed using three scales with good reliability and validity. Specifically, perceived autonomy 
support was measured using the physical education-modified short form (6-item) of the health 
care climate questionnaire (HCCQ; Williams, Grow, Freedman, Ryan & Deci, 1996). Perceived 
competence support was assessed using four items based on the instrument used by Standage et 
al. (2005). Additionally, a five-item scale was used to assess students’ perceived relatedness 
support (Standage et al., 2005). The participants responded to these items on scales ranging from 
1 (strongly disagree) to 7 (strongly agree). These instruments were used to assess perceived 
support from physical education teachers in study one. The mean of these 15 items was taken to 
give an overall indication of students’ perceptions of physical education teachers’ support.  
Parents’ Support. Students’ perceived social support from parents was assessed with a 
five-item scale. The stem for these items is “During a typical week, how often have your parents 
or guardian…” Questions assessing parents’ support focus on providing encouragement and 
praise, engaging in activities, and providing support, such as transportation. One example is: 
“your parents encouraged you to do physical activities or play sports.” Students rated each item 
on a 5-point Likert scale, ranging from 1 (none) to 5 (every day). The same instrumentation was 
used to assess perceived support from parents in study two. The mean of these five items was 
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used as measure of students’ perceptions of parents’ support.  
Friends’ Support. To measure students’ perceived social support from friends, 5-item 
scale was used. The stem for these items is “During a typical week, how often…” Items related 
to friends’ support include questions about encouragement and praise from friends, engaging in 
activities with friends, and being teased by friends. One example is: “do friends tell you that you 
are doing well in physical activities and sports.” Students rated each item on a 5-point Likert 
scale, ranging from 1 (none) to 5 (every day). In study two, this scale was used and was 
appropriate for the middle school students. The average score of these five items was used as 
measure of students’ perceptions of friends’ support.  
            School Physical Environment. To measure students’ perceived physical environmental 
variables of physical activity in the school setting, students rated twelve items in terms of their 
perceived physical environmental factors in the school setting on 4-point Likert scale (1 = 
strongly disagree, 4 = strong agree) by using questionnaires developed by Robertson-Wilson and 
his colleagues (Roberton-Wilson, Levesque, & Holden, 2007). Sample items include “the 
outdoor areas (e.g. playground, field) at my school are big enough for students to be physically 
active,” “the indoor areas (e.g. gym) at my school are in good condition,” and “my school has 
good quality sport and physical activity equipment for students to use.” The mean of these 
twelve items was used as students’ perceived physical environment in the school setting. 
Acceptable internal consistency, reliability, and validity have been reported for this instrument in 
middle school-aged students (Roberton-Wilson, et al., 2007). 
            Home and Neighborhood Physical Environments. To measure students’ perceived 
physical environmental variables of physical activity in the home and neighborhood settings, 
students completed a 25-item questionnaire developed and used by Sallis et al. (1997). This 
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instrument includes two subscales: home environment and neighborhood environment. 
Specifically, the home environment subscale consists of a list of 15 pieces of equipment 
available at the place of residence that can be used for physical activity. The neighborhood 
environment subscale includes neighborhood features (8 items), perceived safety (1 item), and 
neighborhood character (1 item). This instrument was developed to assess environmental 
variables believed to be related mainly to recreational physical activity in the home and 
neighborhood settings. In the present study, neighborhood was defined as a half-mile radius or a 
10-minute walk from the participants’ home. Acceptable internal consistency, test-retest 
reliability, and validity have been reported for this instrument in school-aged students (Dunton, 
Jamner, & Cooper, 2003; Fein, Plotnikoff, Wild, & Spence, 2004). 
Self-report Physical Activity. Self-report physical activity was measured by using the 
Physical Activity Questionnaire for Older Children (PAQ-C; Kowalski, Crocker, & Faulkner, 
1997). This 9-item instrument requires the recall of moderate and vigorous physical activity 
performed in past 7 days, such as activity frequency list, general physical activity, physical 
activity during physical education classes, physical activity during lunch time, physical activity 
during weekend, physical activity right after school. The questions from the PAQ-C were scored 
on a 5-point scale and used to calculate a composite physical activity score. More detailed 
description is provided in the study one. 
            Levels of Engagement in Physical Activity in Physical Education Classes. To 
objectively measure students’ levels of engagement in physical activity in physical education 
classes, Actical activity monitors (accelerometer) were utilized (Mini-Mitter Co., Inc., Bend, OR) 
for three regularly scheduled physical education classes in this study. The Actical activity 
monitor is the ideal physical activity monitor for use with school children because of its small 
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size. The Actical activity monitors can record movement in all directions and collect motion in 
the frequency range of 0.5-3.0 Hz. The Actical activity monitors are programmed and data are 
downloaded by connecting the monitors to a serial port computer interface using Actical Readers. 
Actical activity monitors have demonstrated acceptable validity and reliability for school-aged 
students (McIver, Pfeiffer, Almeida, Dowda, & Pate, 2004; Puyau, Adolph, Vohra, & Butte, 2002; 
Puyau, Adolph, Vohra, Zakeri & Butte, 2004). 
The students were asked to wear the Actical activity monitors on their hips during the 
period of data collection since the hip (waist) is considered to be the most accurate measurement 
of activity counts or energy expenditure.  In addition, activity counts were measured in 15-
second epochs to better capture students’ in-class physical activity patterns because of short-
period of the physical education classes (i.e., 50 minutes). Finally, to measure students’ average 
activity counts in moderate to vigorous physical activity (MVPA) intensities in physical 
education classes, total activity counts for MVPA in physical education classes were calculated, 
and then divided by the time of MVPA intensities in the physical education classes.  
Research Design and Procedures 
A case, correlational design was used in this study. Questionnaires were separated into 
two sections and were administered and collected during two regularly scheduled physical 
education classes. Questionnaires were distributed to all students under the supervision of the 
researcher with the assistance of the physical education teachers. Survey-based instructions were 
briefly explained before students completed the questionnaires. They were informed that their 
teachers would not have access to their responses. Students were encouraged to answer truthfully 
and assured that their responses would be anonymous and would not affect their physical 
education grades. Students spent approximately 25 minutes completing the questionnaires on 
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each day.  
After the survey data were collected in two different physical education classes, three 
days were scheduled to assess physical activity levels of participants using Actical activity 
monitors during regularly scheduled physical education classes. A schedule was coordinated with 
the physical education teachers for the data collection so as to minimize disruptions to 
instructional time. To avoid the confounding effect of different learning contents in the physical 
education classes on the study variables in this study, all students participated in the same activity, 
capture the flag, during the period of the data collection.  
To facilitate the Actical activity monitors data collection, several research assistants were 
recruited and trained. The Actical activity monitors were locked to the corresponding waistbands 
before each class. The Actical activity monitors along with waistbands were then distributed to 
the students after the physical education teachers took roll. Each student was assigned an 
identification number and wore the same Actical activity monitors for three physical activity data 
collection days. The research assistants helped students put on the assigned Actical activity 
monitors and waistbands, and made sure they were mounted on the iliac crest of the hip.  
Data Analyses 
Three steps were taken to analyze the data in this study. First, internal reliabilities of the 
self-report measures were examined using Cronbach’s alpha coefficients. Second, descriptive 
statistics were calculated and the bivariate correlations among the study variables were examined 
using Pearson product-moment correlations. Finally, using AMOS 16.0, a structural equation 
modeling (SEM) analysis was conducted to examine the relationships among study variables 
within the hypothesized model. Prior to the SEM analyses, the study variables in the 
hypothesized model were examined for their normality. Support was provided for the validity of 
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the measures used in this study.  
            Maximum likelihood estimation was used in the SEM analyses because it has been 
recommended for research regarding theory testing, and it can provide efficient parameter 
estimates and global indices of model fit (Browne & Cudeck, 1993). In line with the 
recommendation of Hu and Bentler (1999), various indices of fit were examined to evaluate the 
adequate fit of the model to the data. These indices included chi-square statistic (χ²), the 
Comparative Fit Index (CFI), Bentler-Bonett Non-normed Fit Index (NFI), Tucker-Lewis Index 
(TLI), and the Root Mean Square Error of Approximation (RMSEA).  
            Specifically, chi-square statistic (χ²) tests whether there is a statistically significant 
difference between model and sample data and degrees of freedom (df) for each model estimated. 
Given that χ² can be heavily influenced by sample size, the χ²/df ratio may also be reported. In 
health behavior research studies, χ²/df ratios between 2 and 5 have often been employed (Buhi, 
Goodson, & Neilands, 2007). Possible values for CFI, NFI, and TLI fit indices range between 0 
and 1. CFI, NFI, and TLI values greater than 0.90 indicate a good fit of the model to the data, 
and values greater than 0.95 are typically considered an excellent fit (Hu & Bentler, 1999; Marsh, 
Hau, & Wen, 2004). In addition, values less than 0.06 obtained from the RMSEA are considered 
a good fit, RMSEA values in the range of 0.06 to 0.08 indicate a reasonable fit, RMSEA values 
in the range of 0.08 to 0.10 suggest a mediocre fit, whereas values exceeding 0.10 are typically 
undesirable (Browne & Cudeck, 1993; West, Finch, & Curran, 1995). 
RESULTS 
Descriptive Statistics 
            Mean, standard deviation, internal consistency (Cronbach’s alpha coefficients) for all 
study variables are presented in Table 4. As shown, all scales demonstrated acceptable internal 
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consistency (Nunnally, 1978) except for students’ perceptions of friends’ support, which was 
very close to the .70 cutoff. The mean scores of the self-reported variables were above the 
midpoint score showing positive perceptions of the study constructs and participation in some 
forms of self-report physical activity. Further, students’ self-determination index and moderate to 
vigorous physical activity engagement within physical activity classes demonstrated large 
variability.  
Pearson product-moment correlations among the study variables were examined to 
determine the relationships among students’ self-determined motivation in physical education, 
psychological need satisfaction, physical education teachers’ support, parents’ support, friends’ 
support, physical environments in the school, home, and neighborhood settings, and physical 
activity participation within and beyond physical education classes. As demonstrated in Table 4, 
most independent variables, including students’ self-determined motivation in physical education, 
three psychological need satisfactions, social support from physical education teachers, parents, 
and friend, school physical environments, were significantly and positively related to one another. 
Further, students’ self-report physical activity participation was significantly and positively 
related with most independent variables, except for autonomy need satisfaction, relatedness need 
satisfaction, school physical environment, and neighborhood physical environment.  
Additionally, students’ in-class physical activity engagement measuring by Actical 
activity monitors was significantly and positively associated with self-determined motivation, 
competence need satisfaction, social support from physical education teachers and parents, and 
self-report physical activity, but was not related with autonomy need satisfaction, relatedness 
need satisfaction, friends’ support and physical environments in the school, home, and 
neighborhood settings. Though statistically significant, the correlations between in-class physical 
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activity engagement and other variables are small. Finally, students’ perception of home 
environment was only positively associated with parents’ support and friends’ support, and 
perception of neighborhood environment was only positively related with students’ motivation 
and home environment.  
 
Table 4.  Descriptive statistics, internal consistency, and correlations among variables  
Subscale 1 2 3 4 5 6 7 8 9 10 11 12 
1. Motivation (-)            
2. Autonomy .46** (.74)           
3. Competence .51** .27** (.89)          
4. Relatedness .37** .40** .41** (.89)         
5. Teachers’ support .50** .70** .35** .49** (.88)        
6. Parents’ support .15** .12* .37** .32** .13* (.84)       
7. Friends’ support .34** .22** .43** .44** .24** .46** (.69)      
8. School environment .32** .39** .22** .37** .47** .13* .18** (.87)     
9. Home environment -.04 .01 .09 .11 -.10 .32** .22** -.02 (-)    
10. Neighborhood environment .13* .02 .05 .09 -.02 .07 .11 .07 .12* (-)   
11. Self-report physical activity .21** .06 .34** .08 .12* .29** .26** .05 .15** -.05 (.73)  
12. In-class physical activity .23** .05 .30** .01 .12** .19** .10 -.03 -.05 -.04 .24** (-) 
M/SD 
(N =306) 
1.86 
6.15 
3.74 
1.25 
5.75 
1.17 
4.91 
1.41 
4.53 
1.29 
3.57 
.90 
3.40 
.73 
3.28 
.56 
8.34 
2.65 
11.56 
2.03 
2.97 
.57 
5776 
1752 
Note. Cronbach’s alpha coefficients are provided along the diagonal; M = mean; SD = standard 
deviation; * p < .05; ** p < .01. 
 
Structural Equation Model 
A structural equation modeling analysis (AMOS 16.0) was used to test the hypothesized 
model in Figure 2. To evaluate the fit of the model to the data, various indices of fit were 
examined. Based on the goodness-of-fit statistics, the initial analysis showed that the 
hypothesized covariance structure did not exhibit an acceptable fit to the data (e.g., χ² [47, N = 
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306] = 344.8; RMSEA = .14; CFI = .69; NFI = .66; TLI = .56; Hu & Bentler, 1999; MacCallum, 
Browne, & Sugawara, 1996).  
From this initial analysis and re-checking the hypothesized model, it appeared necessary 
to modify this hypothesized model to better explain or examine the interrelationships among the 
variables. The possible reasons for the poor fit include mixed data in this hypothesized model 
and confounding effects of different physical activity settings on physical activity engagement. 
For example, physical activity engagement in physical education exists in the school setting 
rather than home setting or neighborhood settings. Psychological need satisfaction and self-
determined motivation were measured in the physical education domain rather than general 
physical activity domain in this study. Using different physical environmental factors for 
different settings (such as home and neighborhood) to predict the variables in physical education 
and physical activity engagement in physical education is not logical. Domain specificity should 
significantly influence the results of model testing. In addition, home environment and 
neighborhood environment were assessed using nominal scale (yes or no), but other subjective 
variables were assessed using Likert-type scale (1 = strongly disagree and 7 = strongly agree).  
Modified Structural Model 
Based on the results of the initial hypothesized model and theoretical meaningfulness, 
adjustments were used to modify the original model. Given the importance of school on students’ 
physical activity engagement and measurement consistency of all variables, we deleted the home 
environment and neighborhood environment variables in this revised model, and a second 
structural equation modeling analysis (AMOS 16.0) was then used to test the revised model in 
Figure 3. 
An examination of the model indices of fit indicated that the covariance structure of the 
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revised model again did not exhibit an acceptable fit to the data (e.g., χ² [29, N = 306] = 241.2; 
RMSEA = .16; CFI = .76; NFI = .74; TLI = .62; Hu & Bentler, 1999; MacCallum, Browne, & 
Sugawara, 1996). Examination of the latent variables in this revised model, including social 
environment, psychological need satisfaction, and physical activity, indicates that the 
standardized factor loading of the indicators on their respective latent variables were not 
satisfactory and did not exceed the widely accepted minimum of .40 (Ford, MacCallum, & Tait, 
1986). Consequently, integrating the social ecological model with self-determination theory 
based on the current hypothesized model and revised model using structural equation modeling 
technique does not appear to be tenable.  
 
 
 
Figure 3.  Revised Model of the Variables 
 
Path Analysis 
            The major purpose of this study was to test whether it is possible to integrate the social 
ecological model with self-determination theory. We are interested in the interrelationships 
among the constructs of from social ecological model and self-determined theory, including 
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physical environmental factors, social environmental factors, individual factors, and physical 
activity engagement among middle school students. Given the research purpose and variable 
conceptualization (e.g., average score for each variable), the size of the study sample, and the 
way data were treated, path analysis can be an alternative statistical method to analyze the data in 
this study because the measurement errors have been controlled (Kline, 1998).  
Path analysis belongs to the structural equations modeling family tree and can reflect the 
structural model of the hybrid model (i.e., structural models and measurement models). Path 
analysis is an advanced statistical method to test direct and indirect effect of independent 
variables on dependent variables (Kaplan, 2000; MacCallum & Austin, 2000). To maintain 
simplicity of the model, we will only focus on the structural model and test the model fit using 
path analysis.  
            Based on this purpose and initial structural equation modeling analysis, we tested six 
different structural models. Specifically, to closely examine the interrelationships among social 
support from significant others such as physical education teachers, parents, and friends, students’ 
perceptions of psychological need satisfaction, self-determined motivation, and students’ 
engagement in physical activity within and outside physical education classes, two structural 
models guided by the self-determination theory were tested respectively (Model 1 and Model 2).  
In each of the pairs of models, the outcome variable in the first model is in-class physical activity 
and in the second model is self-reported physical activity. The interrelationships among physical 
environments in the school setting, students’ perceptions of psychological need satisfaction, self-
determined motivation, and students’ engagement in physical activity within and outside 
physical education classes in school setting were tested in models 3 and 4. Models 5 and 6 
integrate self-determination theory and the social ecological model to investigate whether we can 
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gain new insight beyond single-theory based structural models. We can compare Models 1, 3, 
and 5 for students’ physical activity within physical education classes, and Models 2, 4, and 6 for 
students’ physical activity beyond physical education classes in school setting, and then drew 
conclusions regarding the possibility of integration of the social ecological model and self-
determination theory.  
It was hypothesized that: (a) social environments created by physical education teachers, 
parents, and friends would directly relate to the students’ engagement in physical activity within 
and outside physical education classes in school setting, and would also indirectly predict 
students’ engagement in physical activity within and outside physical education classes in school 
setting, as mediated through students’ perceived psychological need satisfaction and intrinsic 
motivation; (b) physical environments in the school setting would directly relate to the students’ 
engagement in physical activity within and outside physical education classes in school setting, 
and would also indirectly predict students’ students’ engagement in physical activity within and 
outside physical education classes in school setting, as mediated through students’ perceived 
psychological need satisfaction and intrinsic motivation; and (c) higher levels of students’ 
perceived psychological need satisfaction would directly predict intrinsic motivation, which in 
turn would directly predict students’ engagement in physical activity within and outside physical 
education classes in the school setting.           
Descriptive Statistics 
            Mean, standard deviation, internal consistency (Cronbach’s alpha coefficients) for all 
study variables are presented in Table 5. As shown, all scales demonstrated acceptable internal 
consistency (Nunnally, 1978) except for students’ perceptions of friends’ support, which was 
very close to the .70 cutoff. The mean scores of the self-reported variables were above the 
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midpoint score showing positive perceptions of the study constructs and participation to some 
forms of self-report physical activity. Further, students’ moderate and vigorous physical activity 
engagement within physical activity classes demonstrated large variability.  
Table 5.  Descriptive statistics, internal consistency, and correlations among variables  
Subscale 1 2 3 4 5 6 7 8 
1. Motivation (-)        
2. Need satisfaction .58** (.84)       
3. Teachers’ support .50** .68** (.88)      
4. Parents’ support .15** .36** .13* (.84)     
5. Friends’ support .34** .48** .24** .46** (.69)    
6. School environment .32** .44** .47** .13* .18** (.87)   
7. Self-report physical activity .21** .20** .12* .29** .26** .05 (.73)  
8. In-class physical activity .23** .14* .12* .19** .10 .03 .24** (-) 
M/SD 
(N =306) 
1.85 
6.15 
4.80 
.97 
4.53 
1.29 
3.57 
.90 
3.40 
.73 
3.28 
.56 
2.97 
.57 
5776
1753
Note. Cronbach’s alpha coefficients are provided along the diagonal; M = mean; SD = standard 
deviation; * p < .05; ** p < .01. 
 
Pearson product-moment correlations among the study were examined to determine the 
relationships among school physical environments, physical education teachers’ support, parents’ 
support, friends’ support, need satisfaction, self-determined motivation in physical education, 
and physical activity participation within and beyond physical education classes. As 
demonstrated in Table 5, all independent variables, including self-determined motivation in 
physical education, need satisfaction, social support from physical education teachers, parents, 
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and friend, school physical environments, were significantly and positively related to one another. 
Additionally, students’ self-report physical activity participation was significantly and positively 
related with all independent variables, except for school physical environment. Students’ in-class 
physical activity engagement was significantly and positively associated with self-determined 
motivation, need satisfaction, social support from physical education teachers and parents, but 
was not related with friends’ support and school physical environments. Finally, students’ in-
class physical activity engagement was significantly and positively associated with self-report 
physical activity participation in the past 7 days. Though statistically significant, the correlations 
between in-class physical activity engagement and other variables are small.  
Path Analysis   
A series of path analyses (AMOS 16.0) were used to test the hypothesized models. 
Figures 4-9 show the path diagrams and standardized parameter estimates of structural models. It 
should be noted that path significance is the parameter estimate divided by an estimate of the 
standard error. The path is significant at the .05 level if the ratio is larger than 1.96 for a 
regression weight. As showed in figures 4-9, all parameter estimates were statistically significant 
(p ≤ .05) with appropriate magnitude and direction in these six models. 
            The goodness-of-fit statistics in each hypothesized model, including χ², the ratio of χ²/df, 
RMSEA, TLI, NFI, and CFI, are presented in Table 6.  Based on the goodness-of-fit statistics, 
the sample covariance matrixes exhibited an acceptable fit to the hypothesized models (Hu & 
Bentler, 1999; MacCallum, Browne, & Sugawara, 1996). For example, the ratio of χ²/df of all 
models indicated an acceptable model fit (χ²/df < 5.0, Buhi et al., 2007). The values of TLI, NFI, 
and CFI were close to 1 indicating good model fit. And the values of RMSEA were no larger 
than .08 indicating a reasonable fit.  
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Table 6.  Testing results of path analyses 
Model χ² df χ²/df RMSEA TLI NFI CFI 
Model 1 17.8 6 2.97 .08 .94 .97 .98 
Model 2 19.4 6 2.23 .08 .94 .96 .97 
Model 3 7.3 3 2.43 .07 .96 .97 .98 
Model 4 6.0 3 2.00 .06 .97 .97 .99 
Model 5 23.9 8 2.99 .08 .93 .96 .97 
Model 6 20.9 8 2.61 .07 .94 .97 .98 
χ² = chi-square statistic; df = degree of freedom; RMSEA = Mean Square Error of 
Approximation; TLI = Tucker-Lewis Index; NFI = Bentler-Bonett Non-normed Fit Index; CFI = 
Comparative Fit Index.  
 
Social Support and Self-Determination. In models 1 and 2 (shown in figures 4 and 5), 
parents’ support ( ̂ β  = .15), teacher’s support ( ̂ β  = .59), and friends’ support ( ̂ β  = .27) had 
direct effects on perceived need satisfaction, and perceived need satisfaction ( ̂ β  = .58) had a 
direct effect on self-determined motivation. Path coefficient differences existed regarding the 
direct effects of self-determined motivation and parents’ support on students’ physical activity in 
physical education classes ( ̂ β  = .21 and .15, respectively) and outside physical education 
classes ( ̂ β  = .17 and .26, respectively). The indirect effects of parents’ support, teachers’ 
support, and friends’ support on self-determined motivation and physical activity, and the 
indirect effect of need satisfaction on physical activity indicated that the mediating role of need 
satisfaction and self-determined motivation on physical activity was supported (Baron & Kenny, 
1986). No direct effect was found between teachers’ support and friends’ support and students’ 
physical activity within and outside physical education classes.  
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Figure 4. Model 1 
Rectangles represent observed variables; solid lines represent significant standardized parameter 
estimates; the coefficients on the solid lines are the standardized regression weights; the 
coefficients on two headed arrows are the covariance between the pairs of independent variables; 
the coefficients right above the rectangles of mediates and dependent variables are squared 
multiple correlations; all coefficients are significant at the p< .05 level.  
 
 
Figure 5. Model 2 
Physical Environment and Self-Determination. In models 3 and model 4 (shown in 
figures 6 and 7), the school physical environment ( ̂ β  = .44) had direct effects on perceived need 
satisfaction, and perceived need satisfaction ( ̂ β  = .58) had a direct effect on self-determined 
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motivation. Self-determined motivation had a direct effect on students’ physical activity in 
physical education classes ( ̂ β  = .23) and outside physical education classes ( ̂ β  = .21), 
respectively. The mediating role of need satisfaction and self-determined motivation on physical 
activity was supported by the indirect effects of school physical environment on self-determined 
motivation and physical activity, and the indirect effect of need satisfaction on physical activity. 
No direct effect was found between school physical environment and students’ physical activity 
within and outside physical education classes.       
 
Figure 6. Model 3 
 
Figure 7. Model 4 
            Integration Social Ecological Model and Self-Determination (An Integrated Model) 
As shown in figures 8 and 9, it was evident that school physical environment ( ̂ β  = .11), parents’ 
support ( ̂ β  = .15), teacher’s support ( ̂ β  = .54), and friends’ support ( ̂ β  = .26) had direct 
effects on perceived need satisfaction, and perceived need satisfaction ( ̂ β  = .58) had a direct 
effect on self-determined motivation. Path coefficient differences existed regarding the direct 
effects of self-determined motivation and parents’ support on students’ physical activity in 
physical education classes ( ̂ β  = .21 and .15, respectively) and outside physical education 
classes ( ̂ β  = .17 and .26, respectively). The mediating role of need satisfaction and self-
determined motivation on physical activity was supported by the indirect effects of school 
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physical environment on self-determined motivation and physical activity, and the indirect effect 
of need satisfaction on physical activity. Direct links between teachers’ support, friends’ support, 
school physical environment and students’ physical activity within and outside physical 
education classes were not significant.  
 
Figure 8. Model 5 
 
Figure 9. Model 6 
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            The overall variances (squared multiple correlations) explained in need satisfaction, self-
determined motivation, and physical activity engagement by the models are reported in Table 7. 
As showed, the social environmental factors (models 1 and 2) accounted for more variance than 
physical environment in need satisfaction (models 3 and 4), and integration of social factors and 
physical environment (models 5 and 6) only increase a small variance (one percent) in need 
satisfaction. Additionally, the overall variances explained in self-determined motivation across 
the models remained the same (34 %). In regard to the physical activity engagement within and 
beyond physical education classes, the integrated models (models 5 and 6) did not significantly 
account for more variance than single-theory models (models 1, 2, 3, 4). 
 
Table 7.  Results of the variance (squared multiple correlations) explained by the models 
Model Need 
Satisfaction 
Self-determined 
Motivation 
In-class 
Activity 
Self-report 
Activity 
Model 1 59% 34% 8% - 
Model 2 59% 34% - 12% 
Model 3 19% 34% 5% - 
Model 4 19% 34% - 5% 
Model 5 60% 34% 8% - 
Model 6 60% 34% - 12% 
 
DISCUSSION 
            The primary purpose of this study was to investigate whether supportive physical 
environments, social support from significant others such as physical education teachers, parents, 
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and friends, students’ perceptions of psychological need satisfaction, self-determined motivation 
can significantly predict students’ engagement in physical activity by integrating self-
determination theory with the social ecological model. The ultimate goals of the present study 
were to identify strategies to promote school students’ engagement in physical activity and to 
learn how to design supportive environments that will promote the adoption of active lifestyles. 
            To test whether it is tenable to integrate self-determination theory with the social 
ecological models for predicting school students’ physical activity participation within and 
beyond physical education classes, we tested a hypothesized model using a sample of middle 
school physical education students. Since the hypothesized covariance structure of the model did 
not exhibit an acceptable fit to the data, the findings indicated that it was necessary to modify 
this hypothesized model to better explain the interrelationships among the variables. After testing 
the revised model using structural equation modeling, the hypothesized covariance structure of 
the revised model still did not exhibit an acceptable fit to the data as well.  
            To maintain model simplicity, we focused on the structural model and tested the model fit 
using path analysis, an alternative statistical method. First, based on self-determination theory, 
we hypothesized that physical education teachers’ support, parents’ support, and friends’ support 
can directly relate to the students’ engagement in physical activity, and can also indirectly 
predict students’ engagement in physical activity within and outside physical education classes in 
school setting respectively, as mediated through students’ perceived psychological need 
satisfaction and self-determined motivation.  
            Next, we hypothesized that school physical environment could be directly associated with 
the students’ engagement in physical activity, and can be also indirectly predict students’  
engagement in physical activity within and outside physical education classes, as mediated 
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through students’ perceived psychological need satisfaction and self-determined motivation. In 
doing so, the unique contribution of school physical environment toward students’ engagement 
in physical activity within and outside physical education classes could be tested. Finally, it was 
hypothesized that integrating the constructs of self-determination theory with social ecological 
model, including school physical environment, social support from significant others, students’ 
perceptions of psychological need satisfaction, and self-determined motivation, could 
significantly predict students’ engagement in physical activity within and outside physical 
education classes in school setting, and may offer  new insights beyond single-theory based 
structural models. 
Based on the results, the first hypotheses were partially supported. Parents’ support had a 
direct influence on students’ engagement in physical activity within and outside physical 
education classes respectively, and indirectly predicted students’ engagement in physical activity 
through perceived psychological need satisfaction and self-determined motivation in physical 
education. Physical education teachers’ support and friends’ support did not show the direct 
effects on students’ engagement in physical activity, but indirect effects were evident through 
students’ perceived psychological need satisfaction and intrinsic motivation.  
            Consistent with the theoretical underpinnings of self-determination theory and 
hierarchical model of intrinsic and extrinsic motivation proposed by Vallerand and his associates 
(1997, 2001; Vallerand & Ratelle, 2002), the findings indicated that social environment factors, 
such as social support from parents, teachers, and friends, can play a vital role in promoting 
students’ motivation and physical activity engagement if they satisfy the basic psychological 
needs for autonomy, competence, and relatedness (Deci et al., 1996; Ryan & Deci, 2002). Further, 
consist with the findings of study two, parents’ support was a key predictor of middle school-
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aged students’ physical activity engagement in school setting (Fredricks & Eccles, 2003). 
However, the direct influence from parents demonstrated that parents were more important social 
agents for this age group than physical education teachers’ support and peer influence.  
            It is logical that the school physical environment should play an important role in 
promoting school students’ physical activity participation (Sallis et al., 2001). Accessible 
physical activity equipment and good activity areas (e.g. gym, field, playground) may likely 
encourage students to be physically active. The school physical environment did not, however, 
directly predict students’ engagement in physical activity, but it did indirectly predict students’ 
engagement in physical activity within and outside physical education classes, as mediated 
through students’ perceived psychological need satisfaction and self-determined motivation, 
providing partial support for the second hypothesis. Although the contribution of school physical 
environment was relatively small, from a public health perspective its influence cannot be 
ignored given that school physical environment can influence the whole school students for a 
long time (Sallis et al., 2001; Young et al., 2007). Consistent with the previous studies, this 
finding highlighted that school physical environment should be an important factors for 
increasing students’ physical activity since it is designed to influence large numbers of students 
every day in the school setting (Sallis, Bauman, & Pratt, 1998). That is why health promoters 
highlighted the importance of physical environmental factors in the school setting.   
            Although the models integrating the constructs of self-determination theory with the 
social ecological model, including the school physical environment, social support from 
significant others, students’ perceptions of psychological need satisfaction, and self-determined 
motivation, had an acceptable fit to the data, these integrated models were not superior to the 
models based only on self-determination theory or the social ecological model. The overall 
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variance explained in psychological need satisfaction does, however, increase slightly (by one 
percent) when the school physical environment is entered with the social factors.  
The results indicated that contributing to or meeting to students’ psychological need satisfaction 
is necessary to promote students’ motivation and physical activity participation. Taken together, 
therefore, the findings extended previous studies by highlighting the importance of psychological 
need satisfaction within the hypothesized models and in physical activity promotion (Deci & 
Ryan, 2000; Ryan & Deci, 2007).  
It needs to be mentioned that the variances explained by the models (5%-12%) were 
relatively small in this study, but are comparable to the variance account for in 7-day moderate 
and vigorous physical activity behaviors measured by accelerometers in Trost and his colleagues’ 
(2002) study involving middle school students. The relatively small amount of variance of this 
study suggests that school physical environment and psychosocial factors cannot fully explain 
students’ physical activity behaviors in school setting.  Other important factors, such as learning 
contents offered in classes and students’ physical fitness, may influence students’ physical 
activity engagement in the school setting (Gao, 2007).  
There were several limitations of the current study. First, school physical environmental 
factors were assessed using self-report. More objective and accurate assessment techniques, such 
as direct observation, should be included in future endeavors. Second, a causal inference cannot 
be inferred from this study because of the research design. Longitudinal research, therefore, is 
needed to investigate the temporal relations among multilevel factors and middle school students’ 
physical activity behaviors. Third, neighborhood and home are important settings for students’ 
physical activity promotion. More thoughtful and comprehensive research is needed to test the 
relations among multilevel factors to physical activity within different settings. Before that, more 
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accurate measurement tools are needed. Finally, structural equation modeling technique should 
follow reasonable theoretical frameworks and previous research findings before models are 
tested.  
Overall, the findings of this study provided partial support for the hypotheses proposed in 
this study. The results provided insight into how the interaction between individual, social 
environmental, and physical environmental factors affect students’ decisions to be physically 
active in the school setting. This study partially supports the use of the social ecological model 
and self-determination theory in the investigation of physical activity among middle school 
students. Based on the social ecological model and self-determination theory, enhancing a 
supportive physical and social environment by implementing integrative approaches to physical 
activity promotion is an essential element needed in the future endeavors.  
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CHAPTER 5: GENERAL DISCUSSION 
            In recent years, much concern has been voiced about inadequate participation in physical 
activity among middle school-aged students. Despite well-documented health benefits of 
engaging in regular physical activity, ample evidence shows that school-aged students do not 
meet recommended physical activity guidelines to promote health (NASPE, 2004; USDHHS, 
2000). To increase middle school-aged students’ physical activity participation and achieve 
public health goals, there is an emerging trend to investigate multilevel factors or correlates of 
physical activity participation within and beyond physical education classes to complement the 
conventional research paradigm of individual-centered influences on physical activity (Sallis & 
Owen, 1997, 2002).  
            The primary purpose of this dissertation, therefore, was to explore the roles of supportive 
social environments and physical environments on middle school students’ physical activity 
motivation and their physical activity participation within and beyond physical education classes 
by using innovative theoretical frameworks. Three quantitative studies were conducted to 
investigate theory-based multilevel factors that influence physical activity participation. This 
approach has the potential to provide a clearer understanding of the decisions school-aged 
students make regarding being physically active, and can facilitate the development of effective 
intervention strategies aimed at the prevention of physical inactivity and obesity in this age group. 
            The major purpose of the study one was to test a structural model of hypothesized 
relationships among perceived social support from physical education teachers, psychological 
need satisfaction, intrinsic motivation, and physical activity in a sample of middle school 
physical education students by using self-determination theory as a theoretical framework (Deci 
& Ryan, 1991, 2000). Psychological need satisfaction and intrinsic motivation mediated the 
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relationship between perceived social support from physical education teachers and students’ 
physical activity participation. The results of this study provided support for the theoretical 
concepts of self-determination theory. The construct of psychological need satisfaction represents 
the nutriments that facilitate students’ intrinsic motivation and in turn intrinsic motivation 
positively affects school-aged students’ physical activity participation (Deci & Ryan, 1985, 1991). 
            Guided by the social ecological model (Sallis & Owen, 1997, 2002), the primary aim of 
the study two was to investigate the predictive strength of predisposing personal factors (self-
efficacy in physical activity), reinforcing social environmental factors (parents’ support, friends’ 
support, and physical education teachers’ support), and enabling physical environmental factors 
(equipment accessibility and neighborhood safety) toward physical activity behaviors among 
middle school students. The results of this study highlight the important influence of self-
efficacy in physical activity, social support from parents, friends, physical education teachers, 
and accessible equipment on students’ physical activity behavior. This study supported the use of 
the social ecological model to design effective interventions toward physical activity promotion 
among middle school students. 
            Following the examination of self-determination theory and social ecological model, a 
case was made in study three for integrating these two perspectives by testing hypothesized 
models that incorporate the constructs of self-determination theory and social ecological model 
into a framework to predict middle school students’ engagement in physical activity within and 
beyond physical education classes. The findings of this study provided partial support for the 
hypotheses, and indicated that it is tenable to integrate self-determination theory with social 
ecological model. The integration of the models, however, did not yield a model that was vastly 
superior to models based on one theory. Based on these findings, it seems researchers should 
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integrate theories with caution. Although several leading researchers have recommended 
combining approaches in the physical activity field (King et al., 2002; Sallis et al., 2006; 
Smedley & Syme, 2000), this study did not provide support for the notion that this approach was 
informative. More empirical evidence is needed before firm conclusions can be drawn.  
            Consistent with previous studies, the influence of the physical environment found in 
studies two and three was statistically significant, but relatively small. From a public health 
advocacy perspective, a supportive physical environment is a promising way to promote 
sustainable increases in physical activity in the population as a whole (Owen et al., 2004; Sallis 
& Owen, 2002).  Specifically, small changes at individual levels can translate to more 
meaningful effects at the population level. Although the contribution of school physical 
environment emphasized in the social ecological model is relatively small, the influence of 
school physical environment should not be ignored given that school physical environment can 
influence all students in a particular school over an extended period of time.  
            From a practical perspective, the findings of this dissertation have significant 
implications for physical education teachers, health promoters, practitioners, school decision 
makers, and policy makers. Specifically, physical education teachers should strive to create an 
environment that will satisfy middle school students’ basic need for autonomy, competence, and 
relatedness through effective instructional strategies in classes. Examples of these strategies are 
providing students with choice as often as possible, respecting students’ perspectives and feelings, 
providing positive and appropriate informational feedback, giving students cooperative tasks 
with a clearly defined goal, and develop positive teacher-student and student-student relationship 
based on respect, trust, and caring.  
            In addition, health promoters should take notice of the importance of social networks, 
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especially social support from parents and friends. Based on the findings of this dissertation, 
parents’ support and friends’ support were influential predictors of middle school students’ 
physical activity participation. Developing a supportive social environment is an important step 
in promoting students’ physical activity. There are several effective ways to develop social 
relationships. For example, students can invite parents to engage in physical activity with them, 
request financial support for physical activity equipment and lessons, and communicate their 
concerns and feelings about physical activity. They may also develop positive peer relationships 
through engaging in games and activities together, encouraging problem solving, and sharing 
decision making in activities. 
            The study of physical environmental influences on physical activity behavior among 
middle school students is still in its infancy. However, school decision makers and policy makers 
can provide a foundation for school students’ physical activity engagement by creating a 
supportive school physical environment. For example, they can provide financial support for 
physical activity equipment and areas, provide more activity opportunities before, during, and 
after school hours. Given the fact that more than 95% of school-aged children and adolescents 
are enrolled in schools, the physical environment can have an influence on all students, so it is 
important to develop an appropriate physical environment to support the adoption of physically 
active lifestyles among middle school students.  
            In conclusion, this dissertation offers significant and promising insights regarding 
physical activity intervention strategies for promoting middle school students’ physical activity 
participation when their lifelong physical activity habits are being developed. The findings of 
this dissertation highlighted that it is necessary for health promoters and practitioners to consider 
individual factors (e.g., motivation, need satisfaction, self-efficacy), social environmental factors 
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(e.g., social support from physical education teachers, parents, and friends), and physical 
environmental factors (e.g., accessible equipment and facilities in school setting) as they design 
effective interventions to promote physical activity and prevent physical inactivity and obesity 
among middle school students.         
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APPENDIX A: EXTENDED REVIEW OF LITERATURE 
INTEGRATING SELF-DETERMINATION THEORY WITH THE SOCIAL 
ECOLOGICAL MODEL TO UNDERSTAND SCHOOL STUDENTS’ PHYSICAL 
ACTIVITY BEHAVIORS 
INTRODUCTION 
            It is widely accepted that regular physical activity reduces the risk for a range of chronic 
diseases, including all-cause mortality, coronary heart disease and cardiovascular disease 
morbidity and mortality, hypertension, non-insulin-dependent diabetes mellitus, obesity, 
osteoporosis (Bouchard, Blair, & Haskell, 2007; Centers for Disease Control and Prevention 
[CDC], 1997; U.S. Department of Health and Human Services [USDHHS], 1996, 2000; U.S. 
Department of Health and Human Services and Department of Agriculture [USDHHS/USDA], 
2004). Further, research evidence is growing regarding the social and psychological benefits of 
physical activity. Specifically, regular physical activity decreases symptoms of depression and 
anxiety, stress, and is also associated with improved cognitive function, emotions, self-esteem, 
self-confidence, life satisfaction, and improved health-related quality of life in one’s later life 
(American College of Sports Medicine, 2006; Bouchard et al, 2007; USDHHS, 2000). 
            Despite the well-documented and significant health benefits associated with regular 
physical activity, epidemiological evidence generally indicates that more than a third of children 
and adolescents do not engage in sufficient levels of physical activity and are not sufficiently 
physically active to achieve these health benefits (Grunbaum et al., 2004). Over the past several 
decades, the prevalence of physical inactivity and obesity among children and adolescents has 
been increasing (CDC, 2001; Flegal, Carrol, Kuczmarski, & Johnson, 1998; Pate, Baranowski, 
Dowda, & Trost, 1996; Pate, Ross, Dowda, Trost, & Sirard, 2003; Troiano & Flegal, 1998). 
Given that a significant number of health benefits are associated with a physically active lifestyle 
and childhood obesity can be attributed in part to physical inactivity and sedentary lifestyles, it is 
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important to identify efficient and effective intervention programs that can promote children and 
adolescents’ active participation in physical activity (Bungum, Dowda, Weston, Trost, & Pate, 
2000; McKenzie, 2001, 2003; Sallis, Prochaska, & Taylor, 2000; Sparling, Owen, Lambert, & 
Haskell, 2000; Trost, Saunders, & Ward, 2002). 
The success of intervention programs aimed at increasing children and adolescents’ 
regular physical activity participation partly depends on a good understanding of the factors that 
influence physical activity (Sallis et al., 2000; Trost et al., 2002). Identifying multilevel theory-
based correlates of physical activity initiation and adherence, and simultaneously examining the 
variation in levels of children and adolescents’ physical activity are significant and important 
areas of inquiry. Once multilevel correlates of physical activity are identified, theory-based 
interventions can be designed to positively influence these correlates, and in turn explain and 
predict the behavior of physical activity and physically active lifestyles among children and 
adolescents. 
The purpose of this literature review, therefore, is to synthesize the existing literature 
relevant to children and adolescents’ physical activity from the social ecological model and self-
determination theory with the goal of identifying critical strategies to promote children and 
adolescents’ engagement in physical activity. I begin with a brief overview of the status of school 
students’ physical activity and health, which demonstrates the need for a collective effort 
involving multiple settings such as schools, families, and communities in effort to promote 
physical activity. Next, I present the social ecological model and synthesize findings of recent 
research. In the third section, I provide an overview of self-determination theory and analyze 
recent studies that have applied that framework in diverse settings. Following the examination of 
these two theories, I make a case for integrating these two perspectives by generating a 
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theoretical model that incorporates the constructs into a framework to predict engagement in 
physical activity. I conclude by identifying implications for practice and considerations for future 
research. 
Current Status of Physical Activity in School Children and Adolescents 
Public health guidelines and national reports recommend that children accumulate 60 
minutes or more of moderate and vigorous physical activity that is developmentally appropriate, 
enjoyable, and involves a variety of activities on a daily basis for school-aged students (CDC, 
1997; Corbin & Pangrazi, 2004; Council for Physical Education for Children, 2004; National 
Association for Sport and Physical Education [NASPE], 2006, 2008; Twisk, 2001; 
USDHHS/USDA, 2004). Research-based evidence, however, indicates that most school-aged 
students are insufficiently active or do not meet current recommendations of national guideline 
for regular physical activity (Corbin, Welk, Lindsey, & Corbin, 2003; Hedley et al., 2004). For 
example, Grunbaum et al. (2004) indicated approximately a third of school-aged students do not 
engage in sufficient amounts of physical activity and this trend increases with age (Sallis, 2000). 
Promoting the initiation and maintenance of adequate levels of physical activity is a major public 
health concern (USDHHS, 2000). 
Role of Schools in Increasing Students’ Physical Activity. Based on the research report 
from the National Center for Education Statistics (2005), more than 95% of school-aged children 
and adolescents are enrolled in schools. It is widely recognized that schools can deliver many 
physical activity opportunities and supportive environments that support the adoption of 
physically active lifestyles (Sallis et al., 2001). For example, schools provide many opportunities 
for school-aged students to engage in regular physical activity, such as physical education classes, 
recess periods, extracurricular sports, or other physical activity programs (Pate et al., 2002). If 
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they are designed appropriately, these school-based physical activity opportunities have 
significant potential to effectively promote most school-aged students’ physical activity levels 
(CDC, 1997). Therefore, schools can and should play a vital role in assuring that school-aged 
students achieve the daily recommended levels of physical activity. 
Although school is an important educational arena in which school-aged children and 
adolescents can increase their engagement in regular physical activity (NASPE, 2004; Pate et al., 
2006), school-aged students cannot meet recommended physical activity guidelines to promote 
their health within the time frame of the regular school day (McKenzie, 2001; NASPE, 2004; 
Wallhead & Buckworth, 2004). Based on the notion that engagement in regular physical activity 
during childhood and adolescence can positively influence lifetime activity levels, and that 
physical activity is of critical importance to physical and mental health (CDC, 1997; Daley, 2002; 
Pate et al., 1996; Sallis & McKenzie, 1991), it is important to increase the proportion of school-
aged students who engage in regular physical activity both within and outside school settings. 
Interactions among School, Family, and Community Settings. It is important to 
acknowledge that schools do not bear the sole responsibility for promoting school-aged students’ 
regular physical activity participation. Areas such as home and the community are also important 
settings in which children and adolescents might participate in physical activity (Frank, Engelke, 
& Schmid, 2003; Ward, Saunders, & Pate, 2007). Since elements of both the social environment 
and the physical environment are influential in shaping children and adolescents’ physical 
activity behavior, parents at home, teachers and peers at schools, and other professionals in the 
community share responsibilities for school-aged students’ physical activity. If efforts to increase 
activity levels are to be effective, it is important to consider the different settings in which 
children and adolescents spend most of their time and to explore the ways interventions in these 
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settings can be organized to promote active participation in regular physical activity (Owen, 
Humpel, Leslie, Bauman, & Sallis, 2004; Owen, Leslie, Salmon, & Fotheringham, 2000; 
Srinivasan, O'Fallon, & Dearry, 2003). Family involvement and community connections are key 
components in promoting children and adolescents’ physical activity, in addition to the school 
setting. The national physical activity objective for school-aged children and adolescents 
(NASPE, 2006), can only be accomplished if schools, family, and community work together to 
promote children and adolescents physical activity participation (Ward et al. 2007). 
Measurement Issues of Physical Activity. Given that increasing physical activity is a 
national public health priority, the valid and reliable measurement of physical activity levels 
becomes an important concern (Welk, 2002a). A number of measurement techniques are 
available for assessing physical activity levels (Welk, Corbin, & Dale, 2005). The selection of an 
appropriate method for measuring physical activity depends largely on the relative importance of 
practicality and accuracy (Brustad, 1991; Dale, Welk, & Matthews, 2002; Sirard & Pate, 2001; 
Trost, 2001). The popular measurement techniques of physical activity used are systematic 
observation, heart rate monitoring, pedometry, accelerometry, and self-report physical activity 
recalls or questionnaires (Baumgartner, Jackson, Mahar, & Rowe, 2003). Although these 
measurement techniques have their individual limitations, each of the methods has demonstrated 
sound validity and reliability among school-aged students (Eston, Rowlands, & Ingledew,1998; 
Freedson, Sirard, & Debold, 1997; Rowlands, Eston, & Ingledew, 1997; Sallis, Buono, Roby, 
Carlson, & Nelson, 1990; Sallis et al., 1993; Trost, Pate, Freedson, Sallis, & Taylor, 2000). 
Systematic observation methods offer numerous advantages for measuring physical 
activity behaviors. Direct observation systems provide detailed objective information about the 
physical activity behaviors, and can record the contextual information of physical activity. They 
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cannot, however, directly measure physiological strain or movement of participants. A number of 
direct observation systems have been developed for measuring the physical activity in young 
people (McKenzie, 2002). For example, the System for Observing Play and Leisure Activity in 
Youth (SOPLAY) involves coding the number of participants and their activity levels, as well as 
the temperature, accessibility of the area, the presence of supervision, organized activities, and 
equipment. Considerable and extensive observer training are required to collect and process 
observation data. Direct observation can identify activity patterns and can provide accurate 
information for controlled studies, which may serve as a criterion measure for other instruments.  
Heart rate monitors can assess the physiological load on the cardiorespiratory system, but 
participants’ heart rate is suspect in contexts in which emotional stress might be prevalent. In 
addition, the absolute differences in heart rate cannot be used to capture differences in the 
physical activity levels because more highly fit individuals have lower heart rate responses to 
activity than less fit individuals. Although heart rate monitor can accurately measure physical 
activity at the population level, influencing by environment and individual differences may limit 
heart rate monitors’ utility for field-based research (Janz, 2002).  
Pedometers are an increasingly popular technique to collect reasonably valid indices of 
overall physical activity in young people (Bassett et al., 1996; Kilanowski, Consalvi, & Epstein, 
1999). They are small, battery-powered mechanical devices that provide an objective indicator of 
step counts, and new models can also possess the ability to estimate time spent moving and recall 
data over a span of time (Welk et al., 2005). The limitations of pedometers are that they cannot 
identify activity patterns and they are inversely proportional to stride length. Still, pedometers 
have been shown to have good utility for studying students’ activity behavior in field settings 
(Differding, Welk, Hart, Abate, & Symington, 1998; Morgan, Pangrazi, & Beighle, 2003).  
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Accelerometry is a frequently used objective measure in physical activity levels (Welk, 
2002b). Accelerometers have become state of art for physical activity measurement in field-
based studies in school-aged students (Welk et al., 2005). They can objectively measure the 
acceleration of the whole body during activity, but are not affected by individual’s emotional 
stress. The limitation of accelerometers is they are unable to assess common activities such as 
bicycle riding and swimming. They do not provide information on the physical and social 
contexts in which the activity was undertaken. While some studies have been investigated with 
the Actigraph monitor (formerly known as the CSA/MTI, Actigraph LLC, FL), numerous other 
accelerometers provide similar information (e.g., Actical; Puyau, Adolph, Vohra, & Butte, 2002).  
Self-report techniques were used most often in the past for collecting information on 
physical activity in school children (Sallis, 1991; Sallis & Saelens, 2000). Self-report measures 
include a variety of assessment methods such as diaries, logs, questionnaires, and interviews (e.g., 
Sallis & Saelens, 2000; Sallis et al., 1996). All measures require some levels of cognitive 
abilities or perceptual processing by the participants to create the data. Although self-report 
techniques provide less accurate estimates of physical activity levels than those obtained by more 
objective methods such as direct observation, heart rate monitors, pedometers, and 
accelerometers, in many cases they may provide detailed information that cannot be obtained 
with other objective physical activity measurement techniques (Patterson, 2000).  
Most research reviewed for this paper used self-report instruments to investigate the 
interaction between environmental and individual influences toward physical activity. Only two 
ecological studies have assessed physical activity levels using pedometers (King et al., 2003) or 
accelerometers (Saelens, Sallis, Black, & Chen, 2003). There is a need for more social ecological 
studies that include objective measures of physical activity to substantiate relationships between 
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the physical environment and physical activity behavior among school-aged students. 
SOCIAL ECOLOGICAL MODELS 
In physical activity behavioral research, correlates indicate reproducible associations or 
predictive relationships, rather than cause and effect relationships (Bauman, Sallis, 
Dzewaltowski, & Owen, 2002; Sallis & Owen, 1999). Identifying important correlates of 
physical activity is a basic research concern (Sallis et al., 2000). To date, published research on 
the predictors or correlates of physical activity behaviors has primarily focused on individual-
level factors such as age, gender, perceived self-efficacy, perceived enjoyment, knowledge, and 
motivation (Sallis et al., 2000; Trost et al., 2002; Trost, Kerr, Ward, & Pate, 2001; Welk, 1999). 
The individual-level approach often ignores the broader environmental context in which the 
physical activity of individuals occurs (McKenzie et al., 1995; Richard, Potvin, Kishchuk, Prlic, 
& Green, 1996; Sallis & Owen, 1997, 2002). Given that most physical activity behaviors occur 
in social and physical contexts rather than in indoor facilities, the relative influences of the 
relevant social and physical contexts in which such physical activity behaviors take place have 
received increased attention (Ewing, 2005; Ferreira et al., 2006; French, Story, & Jeffrey, 2001; 
McKenzie, Marshall, Sallis, & Conway, 2000).  
Social Ecological Models in Health 
“Social ecological” refers to individuals’ transactions with their physical and socio-
cultural environment (Moos, 1980; Sallis & Owen, 1999). Over the past decades, the social 
ecological models of human behavior have been used as paradigms and organizational 
frameworks for research and action in many disciplines, such as tobacco control (Elder & Stern, 
1986) and human development (Bronfenbrenner, 1979). The social ecological models of human 
behavior were first introduced in the health field as a means of gaining a better understanding the 
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role of human behavior in lifestyle chronic diseases (McLeroy, Bibeau, Steckler, & Glanz, 1988). 
The social ecological models presented by McLeroy and his colleagues (1988) suggested 
that correlates to health-related behaviors can be categorizes as one of five types: (1) 
intrapersonal factors, including psychological and biological variables, as well as developmental 
history; (2) interpersonal processes and primary social groups, including family, friends, and 
teachers in school settings; (3) institutional factors, such as schools, health agencies, or health 
care facilities; (4) community factors, including relationships among organizations, institutions, 
and social networks in a defined area; (5) public policy, which consists of laws and policies at the 
local, state, national levels. That is, the social ecological models summarize the multilevel of 
influences on health-related behaviors as intrapersonal characteristics, interpersonal processes 
and significant groups, institutional factors, community factors, and public policy (McLeroy et 
al., 1988). Table 1 presents and defines each of five levels of influences on health-related 
behaviors (Rimer & Glanz, 2005).  
Stokols (1992, 1996) proposed the use of social ecological models in health promotion to 
encourage or discourage health behaviors. Stokols identified several core principles or themes 
within the social ecological models concerning the interactions between environments and health 
behavior. First, social ecological models characterize environmental settings as having multiple 
social, physical, and cultural dimensions that can affect health behavior, including physical 
activity. Second, human health behavior is influenced not only by environmental factors, but also 
by a variety of individual factors, including psychological disposition, genetic heritage, and 
previous health behavior. Third, social and physical environmental factors and individuals’ 
actions and health behaviors interact and demonstrate dynamic relationships. Fourth, the models 
emphasize the interdependence of environmental factors within particular settings and the 
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interconnection between multiple settings and individuals’ behavior patterns. Finally, social 
ecological models will likely involve a transdisciplinary research agenda because an ecological 
perspective is inherently interdisciplinary in its approach to health-related behavior research 
(Stokols, 1992, 1996). 
Table 8.   An ecological perspective 
Concept Definition 
Intrapersonal Level Individual characteristics that influence behavior, such as knowledge, 
attitudes, beliefs, and personality traits 
Interpersonal Level Interpersonal processes and primary groups, including family, friends, 
and peers that provide social identity, support, and role definition 
Community Level  
 Institutional Factors Rules, regulations, policies, and informal structures, which may 
constrain or promote recommended behaviors 
 Community Factors Social networks and norms, or standards, that exist as formal or 
informal among individuals, groups, and organizations 
 Public Policy Local, state, and federal policies and laws that regulate or support 
healthy actions and practices for disease prevention, early detection, 
control, and management 
Source: Rimer and Glanz (2005, p. 11). 
Social ecological models are attractive for health promotion programs and interventions 
because the models acknowledge the multiple levels of influences rather than having a 
conventional unitary focus on individual-level factors (Sallis & Owen, 1997, 2002). Of particular 
importance in this multilevel approach is the simultaneous consideration of the interaction of 
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individual factors and multilevel contextual factors. Therefore, social ecological models address 
both the dynamics of individual health behavior and gives direction to the design of intervention 
strategies (Booth et al., 2001). For example, it is suggested that interventions are most effective if 
they encompass multiple levels of influences, such as interpersonal, intrapersonal, institutional, 
community and public policy (Brownson, Baker, Housemann, Brennan, & Bacak, 2001). 
According to social ecological models, the term “environment” refers to the objective 
factors that are physically external to the person (Stokols, 1992, 1996). Examples of the social 
environments might include parents’ support at home and teachers’ support in the physical 
education classroom. Factors related to physical environment influences include elements such 
as the availability of physical activity facilities, conveniences of facilities, and the safety of 
physical activity settings. Public policies might include rules, laws, or regulations that shape 
environmental or policy attributes conducive to physical activity (Sallis & Owen, 1999). 
Although McLeroy and his colleagues (1988) did not specify physical environment factors in 
their social ecological models, Stokols (1996) contends that physical environment factors are 
essential elements of social ecological models of health behavior. More important, social 
ecological model are particularly suited for studying physical activity because physical activity 
behaviors must take place in specific physical settings that are likely to influence an individual’s 
choice to be physically active (Giles-Corti, Timperio, Bull, & Pikora, 2005). Thus, the concepts 
of “behavior setting” is particular useful for ecological studies of physical activity (Brownson et 
al., 2000; Powell, Kreuter, & Stephens, 1991; Sallis & Owen, 1997, 2002). 
Social Ecological Models and Physical Activity 
Based on the work of McLeroy (1988) and Stokols (1992, 1996), Sallis and Owen (1997, 
2002) provided a practical application of the ecological models to physical activity promotion, 
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suggesting that variables in all domains influence physical activity in adults and children. First, 
the social ecological models may be used to integrate the previously documented correlates of 
physical activity (multiple types of influence on physical activity behaviors). Second, the models 
can be used to investigate the influences of social environmental factors and physical 
environmental factors on individuals’ physical activity behaviors (multiple types of 
environmental influences). Third, more research is needed to examine specific ecological models 
for specific types of physical activity because different physical activity behaviors occur in 
distinct environmental settings (behavior-specific ecological models; De Bourdeaudhui, Sallis, & 
Saelens, 2003). Fourth, multilevel physical activity interventions based on a social ecological 
perspective are more powerful to motivate and promote individuals’ physical activity 
participation (multilevel interventions). Fifth, it is important to incorporate multisectoral groups 
in ecological physical activity interventions, including public health, transportation agencies, 
urban planners, schools, health insurance (multilevel interventions and multisectoral groups). 
Sixth, Sallis and Owen (2002) argue there is great need to monitor multilevel changes in activity-
related psychological and social variables, and environmental and policy variables in order to 
monitor the effects of physical activity interventions (monitoring implementation and change at 
multiple levels). Finally, it is important to consider the influences of legal and political variables 
on physical activity because they may have indirect or unintended effects on physical activity 
(political dynamics) (Sallis & Owen, 1997, 2002). 
The social ecological model provides an innovative theoretical framework to guide the 
investigation of multiple factors influencing physical activity behavior change (McLeroy et al., 
1988; Stokols, 1992, 1996; Sallis & Owen, 1997, 2002). Specifically, the social ecological 
models examine interactive relationships between the individual and multiple levels of the 
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environment to understand when and how people initiate, adopt, and maintain physically active 
lifestyles (Green, Richard, & Potvin, 1996; King et al., 2003; Owen et al, 2004; Owen et al, 
2000). The social ecological model is grounded in the assumption that considering the 
combination of individual, social environment, and physical environmental factors will best 
explain outcome behaviors, including physical activity behavior (MacIntyre & Ellaway, 2000; 
Sallis, Bauman, & Pratt, 1998; Sallis & Owen, 1997, 2002). This means that the physical and 
social context could frame individual cognitions and perceptions that either encourage or 
discourage physical activity. 
Efficacy of the Social Ecological Models 
The use of social ecological models to promote physical activity has received prominent 
attention in key publications, such as the Surgeon General’s Report on Physical Activity and 
Health (2000), and the Centers for Disease Control and Prevention’s “Promoting Physical 
Activity: A Guide for Community Action” (1999). For example, Health People 2010 included a 
physical activity objective to improve access to physical activity facilities (USDHHS, 2000). 
Environmental and policy changes are also the primary strategy proposed for obesity control by 
the World Health Organization, and the Institute of Medicine (2001) report on preventing 
childhood obesity (Smedly & Syme, 2000). 
In addition, to date numerous researchers have advocated the use of multidimensional 
social ecological models of human behavior as an organizational framework to identify specific 
correlates that may influence adults’ physical activity (e.g., Addy et al., 2004; Ainsworth, Wilcox, 
Thompson, Richter, & Henderson, 2003; Ball, Bauman, Leslie, & Owen, 2001; Booth, Owen, 
Bauman, Clavisi, & Leslie, 2000; Catlin, Simoes, & Brownson, 2003; De Bourdeaudhuij et al., 
2003; Young & Voorhees, 2003). For example, Addy and his associates (2004) found that 
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perceptions of active neighbors, having access to sidewalks, and using malls were associated 
with regular walking. Additionally, respondents who had good street lighting, trusted their 
neighbors, and used private recreational facilities, parks, playgrounds, and sport fields were more 
likely to be physically active. It is widely recognized that incorporating interpersonal, 
intrapersonal, and environmental and policy factors can increase our understanding about change 
in adults’ physical activity (Sallis, Hovell, & Hofstetter, 1992; Sallis & Owen, 1999). 
Guided by the social ecological models, there is evidence that environmental factors have 
both direct and indirect influences on physical activity in adults and school-aged students 
(Humpel, Owen, & Leslie, 2002; McCormick et al., 2004; Saelens, Sallis, & Frank, 2003). 
McNeill, Wyrwich, Brownson, Clack, and Kreuter (2006) found that perceptions of the physical 
environment (e.g., neighborhood quality and availability of facilities) had direct effects on 
physical activity, social support and physical environments had indirect effects on physical 
activity through motivation and self-efficacy, and social support influenced physical activity 
indirectly through intrinsic and extrinsic motivation among Black and White adults. Further, 
Motl and his colleagues (2005) examined the direct and mediated effects of perceived equipment 
accessibility and neighborhood safety on physical activity across a one-year period among 
adolescent girls. The effects of perceived equipment accessibility on physical activity were 
mediated by self-efficacy for overcoming barriers among adolescent girls, but neighborhood 
safety did not exhibit any direct effect on physical activity. Motl and his colleagues (2007) also 
found perceived neighborhood safety did not exhibit direct or indirect effects on self-reported 
physical activity, but perceived equipment accessibility exhibited an indirect effect on self-
reported physical activity that was mediated by barriers self-efficacy. Social support had direct 
and indirect effects on self-reported physical activity that were mediated by barriers self-efficacy.  
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School has been identified as an important setting in which to promote school-aged 
students’ physical activity levels (McKenzie, 2001). Using systematic observational methods, 
researchers have found associations between school environmental factors and students’ physical 
activity levels. Middle school students’ physical activity levels have been shown to vary with 
physical education classes lesson context (fitness, free play, game play, skill drill, management, 
knowledge) and class size (McKenzie et al., 2000). Sallis and his colleagues (2001) found school 
environmental characteristics, including area type (court space, open field space, indoor activity 
space), area size in square meters, total improvement (number of basketball hoops, tennis courts, 
baseball diamonds, and football or soccer goals), and proportion of observations with equipment, 
supervision, and organized activities, explained 42% of the variance in the proportion of girls 
who were physically active and 59% of the variance for boys (moderate to vigorous physical 
activity at school during free time). School environments with adequate space, facilities, 
equipment, and high levels of supervision stimulated school-aged students to be more physically 
active at school during three time periods at schools (before school, during lunch, and after 
school).  
More recently, Young and her associates (2007) examined physical activity opportunities 
and barriers in diverse schools participating in the Trial of Activity for Adolescent Girls. They 
identified ten important characteristics of school environments that support physical activity: (1) 
Daily physical education required for all students; (2) All physical education instructors are 
certified as physical education specialists; (3) Physical education classes have no more than 30 
students per teacher; (4) Facilities are adequate to teach the district’s physical education 
curriculum; (5) Lack of funding for physical education is not a concern of teachers; (6) Fitness 
testing is required; (7) Late/activity bus is available at least once per week; (8) Interscholastic 
101 
 
sports programs are available; (9) Intramural sports programs is available; (10) Students have 
access to areas for free play. Given the fact that aspects of school physical activity environments 
remain relatively unexplored in the literature, more empirical research is needed to explore the 
contributions of school environments to school-aged students’ physical activity. 
Although social ecological models have shown significant and promising applications, 
there is limited empirical evidence of the application of such powerful multilevel frameworks for 
investigating physical activity behaviors among school-aged students in school settings (Morgan 
et al., 2003; Welk, 1999). One possible reason is lacking valid and reliable, but convenient 
measurement instruments. Recently, Robertson-Wilson and her associates (2007) developed a 
questionnaire assessing school physical activity environments. This questionnaire demonstrated 
acceptable validity and reliability for capturing middle school students’ perceptions of school 
physical activity environments. An important next step in this line of research is to use this 
measure to examine the relationships between students’ perceptions of school physical activity 
environments and physical activity participation. 
Physical Environment Measurement Issues 
The primary focus of physical environment research has been the identification and 
measurement of physical environmental correlates of physical activity behavior (Kirtland et al., 
2003; Sallis et al., 1998). In previous studies, most physical environmental factors were 
measured via self-report data, but few instruments assess school physical activity environments 
for school-aged children (Bauman, Sallis, & Owen, 2002; Sallis, Johnson, Calfas, Caparosa, & 
Nichols, 1997). Although there are several validate and reliable surveys or questionnaires for the 
general population, more objective environmental factors measures are needed (Emery, Crump, 
& Bors, 2003; Brownson et al., 2004a, 2004b).   
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Recently, inexpensive and relatively user-friendly community audit tools have been 
developed (Brownson et al., 2004b; Pikora et al., 2002; Saelens et al., 2003), but additional 
reliability of these measures has not been established (Pikora, Giles-Corti, Bull, Jamrozik, & 
Donovan, 2003). In addition, one of the principle methods of obtaining objective measures of 
physical environmental factors such as distance is through the application of Geographic 
Information Systems (GIS) data (Bauman, Smith, Stoker, Bellew, & Booth, 1999; Bauman et al., 
2002). GIS allows for the combination of local government and Computer-Assisted Telephone 
Interviewing (CATI) survey databases to provide more accurate information of the prevalence of 
physical environment variables within a defined geographic area. Thus, GIS allows for several of 
the methodological inaccuracies of self-report physical environmental measures to be overcome 
and increases the quantity and quality of environmental measures available to researchers 
(Bauman et al., 2002). 
Given that GIS is expensive and complicated to measure physical environmental factors, 
there remains a need to integrate objective measures with subjective self-report data to obtain a 
clearer understanding of the association between the physical environmental factors and physical 
activity among school students (Korte, 1997; McCormack et al., 2004). Therefore, it is practical 
to measure physical environmental factors by using objective measures and subjective self-report 
data in the future studies (Troped et al., 2001).  
In summary, social ecological models describe health behaviors such as physical activity 
as a dynamic process that is simultaneously influenced by aspects of the social environments, 
physical environments, as well as personal attributes of individual (e.g., self-efficacy, perceived 
enjoyment, and self-determined motivation). The inclusion of social and physical environmental 
factors in investigating physical activity behaviors among school-aged students by applying 
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powerful social ecological models is an important next step in physical activity research.  
SELF-DETERMINATION THEORY 
It is clear that much variation in physical activity is attributed to individual differences 
within the contextual factors (Roberts, 2001). Another broad theoretical approach that addresses 
the individual factors and contextual factors that elicit different types of motivation in different 
settings is self-determination theory (Deci & Ryan, 1985, 1991; Ryan & Deci, 2002, 2007). This 
theory has shown promise in explaining children and adolescents’ physical activity motivation 
and behavior change and has received great attention in the physical activity literature in recent 
years (Ryan & Deci, 2007). 
Self-Determination Continuum 
Self-determination theory is a general theory of motivation that assumes individuals are 
innately oriented toward psychological health and well-being (Deci & Ryan, 1991; Ryan & Deci, 
2002). Deci and Ryan (1991, 2000) argue that people do not always internalize and integrate 
external values and experiences. In such circumstances, motivation is less self-determined and 
more controlling or amotivating. Deci and Ryan conceptualized a self-determination continuum 
to describe motivational variables with different degrees of self-determination, ranging from 
intrinsic motivation to amotivation. Varying levels of extrinsic motivation fall between these two 
extremes on the continuum. 
Based on self-determination theory (Deci & Ryan, 1985; Ryan & Deci, 2000, 2007), the 
most desirable and long lasting level of motivation is intrinsic motivation. Intrinsic motivation 
refers to highly autonomous behaviors whereby individuals engage in physical activity for the 
inherent feeling of pleasure, accomplishment, and the experience of sensations. When 
individuals are intrinsically motivated, they choose to engage in an activity for its own sake 
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rather than an external reason (Ferrer-Caja & Weiss, 2000). Three dimensions of intrinsic 
motivation have been identified by Pelletier et al. (1995), which represent the same degree of 
self-determination. The first is the motivation to know. The second dimension is the motivation 
to accomplish. The third dimension of intrinsic motivation refers to the motivation to experience 
stimulation and pleasant sensations. 
In contrast, extrinsic motivation refers to activities that are carried out as a means to an 
end that is valued and not for the sake of the activity itself. Extrinsic motivation is apparent when 
individuals perform an activity because they value its associated outcomes, such as public praise 
and extrinsic rewards, more than the activity itself. According to self-determination theory, 
extrinsic motivation is multidimensional in nature and comprises four dimensions or levels: 
integrated regulation, identified regulation, introjected regulation and external regulation (Deci & 
Ryan, 1985, 1991). Integrated regulation, the most self-determined form of extrinsic motivation, 
refers to behaviors that are performed out of choice to harmonize and bring coherence to 
different parts of the self. For example, some school students choose to participate in physical 
education because they think physical activity as an important aspect of healthy and active 
lifestyle. Given that integrated reasons are more often encountered among adults rather than 
children and adolescents, this type of extrinsic motivation is not usually assessed in these age 
groups. 
The second type of extrinsic motivation, identified regulation, refers to behaviors that are 
highly valued and performed out of choice. This type of extrinsic motivation reflects behavior is 
internalized and self-initiated even though the behavior itself is not always fun (e.g., “I take part 
in physical education because I want to learn sport skills” and “I take part in physical education 
because I can learn skills which I could use in others areas of my life”). Both integrated and 
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identified regulation represent self-determined forms of behavior; however, they are extrinsic, 
because individuals perform them to achieve personal goals and not for their inherent appeal 
(Deci & Ryan, 1991). 
The third type of extrinsic motivation is introjected regulation (Deci & Ryan, 1985, 1991). 
With this type of motivation, individuals engage in behaviors in order to achieve social 
recognition, or avoid internal pressures and feeling of guilty, or to please significant others (e.g., 
“I take part in my physical education class because I want the teacher to think I am a good 
student”). The last type of external motivation, external regulation, represents the lowest degree 
of self-determined motivation and refers to situations in which individuals complete an activity 
in order to attain tangible rewards or to avoid punishment (e.g., “I take part in my physical 
education class because that is what I am supposed to do”). 
Besides intrinsic motivation and extrinsic motivation, Deci and Ryan (1985, 1991) assert 
that individuals can also be amotivated toward an activity. Amotivation occurs when individuals 
experience a lack of contingency between their behavior and outcomes, and represents a 
complete absence of self-determination and volition with respect to the targeted behavior. 
Behaviors are neither intrinsically nor extrinsically motivated. This is evident when individuals 
do not value an activity at all, or when they experience feelings of incompetence and 
uncontrollability. According to previous findings, unfortunately, many students lack the 
motivation to take part in some physical education activities (Ntoumanis, 2001, 2005). These 
students cannot see why they should have physical education, and feel they waste their time in 
physical education. 
Psychological Need Satisfaction 
Three innate psychological needs for autonomy, competence, and relatedness are central 
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concepts within self-determination theory to understand the initiation and regulation of behavior 
(Deci & Ryan, 2000). These three psychological needs for autonomy, competence, and 
relatedness have been combined into a composite variable labeled psychological need 
satisfaction (Deci, Ryan, & Williams, 1996; Ryan & Deci, 2002). Self-determination theory 
proposes that human being always choose their behavior in an attempt to satisfy their basic 
psychological needs. Specifically, autonomy refers to the need for individuals to decide their 
own behavior and engage in activities of their own choosing. The need for autonomy reflects an 
individual’s desire to be a causal agent in his or her world, and if a behavior satisfies the need for 
autonomy, the individual feels self-determined in his/her actions rather than feeling controlled or 
obliged to act. 
Further, competence is described as individual striving or need to experience a sense of 
competence. The need for competence is satisfied through the pursuit of autonomously motivated 
behaviors that lead to perceptions of success and control of outcomes. Relatedness is defined as 
individuals’ attempts to have a satisfying and coherent involvement with others or to the feeling 
that one belongs to a given social milieu. It reflects innate desires to be supported by others and 
be supportive of others when engaging in behaviors. 
According to self-determination theory, satisfying or fulfilling these three needs is the 
mechanism through which individuals move toward more self-determined motivation, and 
should promote an individual’s enjoyment of activities and the autonomous self-regulation of 
behaviors (Deci & Ryan, 2000; Deci et al., 1996; Ryan & Deci, 2002). For example, people are 
more likely to be intrinsically motivated, that is, to do an activity simply for the enjoyment they 
derive from it, when they can freely choose to pursue the activity (autonomy), when they master 
the activity (competence), and when they feel connected and supported by important people, 
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such as a parent, a teacher, or classmates (relatedness). Empirical research has shown that all 
three needs are relevant to the physical education context because students want a choice of 
activities, strive to feel efficacious in these activities, and seek to be accepted by their teachers 
and peers while performing them (Ntoumanis, 2001, 2002, 2005; Standage, Duda, & Ntoumanis, 
2003, 2005). 
Hierarchical Model of Intrinsic and Extrinsic Motivation 
In line with the self-determination theory, Vallerand and his coworkers (1997, 2001; 
Vallerand & Ratelle, 2002) proposed the Hierarchical Model of Intrinsic and Extrinsic 
Motivation (HMIEM). Based on the HMIEM, motivation is viewed as a function of social and 
individual factors that can influence cognitive, affective, and behavioral outcomes. That is, one 
of the key hypotheses of the HMIEM is framed in terms of social factors that affect feelings of 
autonomy, competence, and relatedness and, in turn, different types of motivation and 
motivational consequences (Vallerand, 1997, 2000; Vallerand & Losier, 1999). It can be 
expressed through a chain of processes as follows: “social environment factors→ psychological 
need satisfaction→ types of motivation→ consequences” (Vallerand, 1997, 2000; Ntoumanis, 
2001). 
Specifically, social environment factors, such as provision of choice and the degree of 
autonomy support in class, can play an important role in shaping and promoting self-determined 
motivation if they satisfy the three innate psychological needs for autonomy, competence, and 
relatedness. Social environment factors that support the satisfaction of these basic psychological 
needs should promote an individual’s enjoyment of activities and the autonomous self-regulation 
of behaviors (Ryan & Deci, 2002). Finally, different types of motivation lead to important 
cognitive, affective, and behavioral consequences. Collectively, meeting the basic psychological 
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needs satisfaction for autonomy, competence, and relatedness are hypothesized to mediate the 
relationship between perceived social environment factors and different types of motivation. In 
turn, self-determined motivation is purported to affect cognitive, affective, and behavioral 
consequences (Deci et al., 1996; Ryan & Deci, 2002). 
Based on HMIEM, the motivational sequence of “social environment factors→ 
psychological need satisfaction→ types of motivation→ consequences” can be extensively 
applied to the physical activity settings (Ntoumanis, 2001, Vallerand, 1997, 2000; Vallerand, 
Fortier, & Guay, 1997). There is, however, limited empirical evidence of the relationships in a 
multifaceted social environment factors created by physical education teachers (i.e., autonomy 
support, competence support, and relatedness support = need support) and students’ physical 
activity in physical education classes through psychological need satisfaction (autonomy, 
competence, and relatedness) and self-determined motivation among school-aged students 
(Ntoumanis, 2001; Standage, Duda, & Ntoumanis, 2005). 
To date, sufficient empirical evidence has provided support for the utility of self-
determination theory and HMIEM to the contexts of both education (e.g. Black & Deci, 2000; 
Vallerand et al., 1997), and exercise and sport (Edmunds, Ntoumanis, & Duda, 2006; Gagne´, 
Ryan, & Bargmann, 2003; Goudas & Biddle, 1994; Ntoumanis, 2001, 2005; Vallerand et al., 
1997; Wilson, Longley, Muon, Rodgers, & Murray, 2006). Given that an understanding of the 
social environment factors that support psychological need satisfaction and subsequent self-
determined motivation becomes a critical issue for those interested in promotion of school-aged 
students’ physical activity participation, more research grounded in this theoretical framework is 
warranted in school physical education settings. Therefore, by adopting a self-determination 
theory perspective, it may be possible to elucidate the motivational processes by which need 
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support created by significant others influences psychological need satisfaction, self-determined 
motivation in physical education and engagement in physical activity among school-aged 
students. 
Efficacy of the Self-determination Theory 
So far, empirical research conducted in a variety of physical activity settings including 
school physical education classes, sport, and exercise settings has provided support for the basic 
tenets of self-determination theory with respect to the relationships among autonomy support to 
need satisfaction, need satisfaction to motivation. In physical education classes, Ntoumanis 
(2001) reported that social environmental factors, including cooperative learning, self-referenced 
improvement, and choices of tasks, were positively related with perceived competence, 
autonomy, and relatedness. In a subsequent study, Ntoumanis (2005) also found that autonomy 
support provided by the physical education teachers was related to student need satisfaction, 
which in turn predicted self-determined motivation. The latter directly predicted various 
motivational indices and indirectly predicted future participation in elective physical education 
classes. Standage, Duda, and Ntoumanis (2003) reported that perceptions of an autonomy-
supportive climate positively influenced hypothesized mediating variables (i.e., autonomy, 
competence, relatedness) to foster self-determined motivation. Self-determined motivation was a 
positive predictor, while amotivation was a negative predictor of leisure-time physical activity 
intentions. 
Research evidence also supports the notion that students participating in an autonomy-
supportive physical activity class are more likely to be intrinsically motivated to be physically 
activity in their leisure time (Hagger, Chatzisarantis, Barkoukis, Wang, & Baranowski, 2005; 
Hagger, Chatzisarantis, Culverhouse, & Biddle, 2003). Further, Cox and Williams (2008) found 
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that perceived competence, autonomy, and relatedness partially mediated the relationship 
between perceived teacher support and self-determined motivation and that a mastery climate 
related directly to self-determined motivation in physical education students. Taylor and 
Ntoumanis (2008) also found that student’ perceptions of the teacher motivational strategies, 
including autonomy support, structure, and involvement, had a positive effect on their self-
determined motivation, and this relationship was mediated by their reported satisfaction of 
autonomy and competence. 
An autonomy-supportive environment is linked to the satisfaction of psychological needs 
and the development of self-determined motivation and behaviors in sport settings. Gagne, Ryan, 
and Bargmann (2003) found that autonomy-supportive coaching practice positively predicted 
gymnasts’ psychological need satisfaction, self-determination, as well as consistency in attending 
practice. Pelletier, Fortier, Vallerand, and Briere (2001) reported that autonomy-supportive 
coaches in swimming were associated with increased self-determination and chances of 
continuation in the sport. Self-determined motivation mediated the relationship between 
psychological need satisfaction and affective and behavior outcomes such as physical self-worth 
and physical activity among adults dragon boaters in a study by McDonough and Crocker (2007). 
In the exercise domain, published research has also examined the direct effects of 
psychological need satisfaction on motivational regulations and motivational outcomes on 
exercise behaviors. Significant positive relationships are found among autonomy-supportive 
environments, psychological need satisfaction, and exercise motivation, and motivation-related 
behaviors, such as exercise adherence, satisfaction with participation, enjoyment, and 
psychological and physical well-being (Chatzisarantis, Hagger, Biddle, & Karageorghis, 2002; 
Levy & Bradley, 2004; Reinboth, Duda, & Ntoumanis, 2004; Vlachopoulos & Karageorghis, 
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2000). Edmunds, Ntoumanis, and Duda (2006) examined the relationship between autonomy 
support, psychological need satisfaction, motivational regulations, and exercise behavior. They 
found satisfaction of the three psychological needs related to higher levels of self-determined 
motivation. Perceptions of autonomy support predicted psychological need satisfaction and 
indirectly predicted intrinsic motivation through competence need satisfaction.  
Moreover, Wilson and his colleagues (Wilson et al., 2006; Wilson & Rodgers, 2004) 
found that greater perceptions of autonomy support were positively associated with more 
autonomous exercise regulations, and predicted stronger intentions to continue with exercise. In 
their investigation of physical activity motivation and behaviors in breast cancer survivors, Milne 
and her colleagues (2008) found self-determination theory constructs, including autonomy 
support, competence, and self-determined motivation explained 20.2% of the physical activity 
variance in breast cancer survivors. These studies confirm that the motivational model proposed 
by self-determination theory provides theoretically sound insight into the reasons people intend 
to continue exercise behavior in the exercise domain. 
Extant research has often shown that higher levels of self-determined motivation predict 
positive cognitive, behavioral, and affective outcomes based on self-determination theory 
(Pintrich, 2003). For example, higher levels of self-determined motivation positive correspond to 
a number of desirable motivational outcomes in physical activity settings, including self-reported 
or teacher ratings of effort and persistence (Ntoumanis, 2001; Standage, Duda, & Ntoumanis, 
2006; Vallerand et al., 1997), interest (Goudas & Biddle, 1994), positive affect (Ntoumanis, 
2005; Standage et al., 2005), intention to be physically active in leisure time (Chatzisarantis, 
Biddle, & Meek, 1997; Ntoumanis, 2001; Standage et al., 2003), and objectively assessed 
physical activity (Vierling, Standage, & Treasure, 2007).  
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Though sufficient evidence supports Deci and Ryan's self-determination theory (1985, 
1991) with respect to the relationships of autonomy support to need satisfaction, self-determined 
motivation, and motivational outcomes in physical education, sport, and exercise domains (e.g. 
Goudas & Biddle, 1995; Ntoumanis, 2001, 2005), there has been little research that has 
investigated the effects of multifaceted social environment factors, such as autonomy support, 
competence support, and relatedness support from physical education teachers, on students’ 
psychological need satisfaction in physical education classes (Standage et al., 2005). The 
understanding of the indirect influence of multifaceted social environment factors on motivation 
and subsequent physical activity participation warrants further investigation. Extending previous 
research by exploring the indirect effects of need support factors on motivational outcomes such 
as students’ physical activity participation in school physical education has the potential to 
provide valuable insight. Additionally, it is important to test psychological need satisfaction and 
motivational regulations as potential mediators in this network of relationships. 
A mediator, or intervening variable, is on the causal pathway between an independent 
variable and a dependent variable (see Figure 1; Bauman et al., 2002). The independent variable 
is conceptualized as a cause of the mediator, which in turn influences the dependent variable. A 
meditational analysis enables researchers to examine how a cause and effect relationship happens 
by exploring the intermediary process that occurs between the independent and dependent 
variable (Wu & Zumbo, 2008). Hypothesized mediators between environmental influences and 
physical activity levels might include self-determined motivation, self-efficacy, perceived 
competence, or perceived enjoyment. According to Baron and Kenny (1986), a variable 
functions as a mediator when the following three criteria are met: (a) the independent variable 
significantly affects the presumed mediator (path A); (b) the mediator significantly predicts the 
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dependent variable (path B); (c) when the above two effects are controlled, “a previously 
significant relationship between the independent and the dependent (outcome) variable is no 
longer significant, with the strongest demonstration of mediation occurring when path C is zero” 
(p. 1176). That is, a mediator is an intervening causal variable that is necessary to complete a 
cause-effect link between independent variable and dependent variable such as physical activity 
(Bauman et al., 2002). There may be a single mediator between independent variable and 
dependent variable (Mediator 1), or a series of cascading mediators (Mediator 1, Mediator 2) that 
intervene and are causally related in sequence (path D) between independent variable and 
dependent variable (Figure 8).  
                                                                     Mediator 1 
                          
                                                         A                                            B 
 
 
Independent                                        Dependent 
    Variable                   C                      Variable 
 
 
                                                                                  D 
                                                           Mediator 1               Mediator 2 
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Figure 10. Definition of mediator  
INTEGRETING SELF-DETERMINATION THEORY AND SOCIAL ECOLOGICAL 
MODEL 
            It is widely recognized that self-determination theory has been employed in numerous 
studies to investigate the relationships among social environmental factors, psychological need 
satisfaction, self-determined motivation, and motivational outcomes in physical activity domain 
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(e.g. Goudas & Biddle, 1994; Ntoumanis, 2001, 2005). To date, however, researchers have not 
investigated the effects of multifaceted social environment factors, such as social support from 
teachers, and physical environmental factors of school settings, on students’ psychological need 
satisfaction in physical activity (Standage et al., 2005). The understanding of the indirect 
influence of multifaceted social environmental and physical environmental factors on school 
students’ self-determined motivation, and subsequent physical activity participation within 
school physical education classes warrants further investigation. Given that participation in 
regular physical activity in school settings has been identified as an influential factor in 
promoting health for school-aged students (Pate et al., 2006), and physical activity behaviors 
school students develop during their childhood and adolescence have a long-term impact on their 
lifelong physical activity habits (Daley, 2002), it is important to examine the multilevel theory-
based factors for promoting school students’ physical activity participation based on 
comprehensive organizational frameworks. 
Self-determination theory and the hierarchical model of intrinsic and extrinsic motivation 
identify important individual factors and contextual factors that explain a significant portion of 
the variation in physical activity (Ryan & Deci, 2007). The social ecological model can assist in 
the investigation of multilevel correlates at the physical environmental, sociocultural, 
interpersonal, and intrapersonal levels that influence physical activity (Sallis & Owen, 1999, 
2002). Although these two theoretical frameworks make distinctions regarding theoretical 
underpinnings, both social ecological model and self-determination theory share individual 
factors and situational factors as critical underlying components in physical activity (Fortier & 
Kowal, 2007). Therefore, integrating self-determination theory with the social ecological model 
may offer important and significant insights into the understanding of students’ motivation and 
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physical activity behavior change process, which could in turn guide the development of 
intervention strategies promoting students’ active lifestyles. In light of the fact that these two 
theoretical perspectives have been examined separately in previous work in the physical activity 
field, next we attempt to analyze the inherent relationships and possibilities for integrating the 
self-determination theory with social ecological models. 
It is well-documented that the social ecological models provide an overarching 
framework or set of theoretical principles for investigating and understanding the relationships 
among diverse individual (e.g., demographic, psychosocial), social environmental factors (e.g., 
social support from significant others, social capital in a physical activity setting), and physical 
environmental factors (e.g., conveniences of facilities, safety of physical activity settings) in 
physical activity behaviors (Stokols, 1996). For example, social ecological models have been 
used to examine the interactive relationships among individual, social environmental, and 
physical environmental factors to understand when and how adults adopt and maintain physically 
active lifestyles (e.g., Gauvin, Levesque, & Richard, 2001;Green et al., 1996; Owen et al., 2000). 
A social ecological approach to understanding diverse correlates of individuals’ physical activity 
allows us to extend traditional behavioral and motivational theories to provide an analysis of 
important factors identified including organizational, environmental, community, interpersonal, 
and intrapersonal resources (Grzywacz & Fuqua, 2000). 
Although the promise of social ecological models for improving individuals’ abilities to 
understand and improve their physical activity behavior has been acknowledged, several physical 
activity researchers noted that there has been relatively little research designed to test social 
ecological perspectives or to examine the role of diverse influences on physical activity behavior 
(Sallis & Owen, 1999; King, Stokols, Talen, Brassington, & Killingsworth, 2002). Social 
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ecological models describe physical activity behavior as a dynamic process that is 
simultaneously influenced by aspects of the social environmental factors and physical 
environmental factors as well as personal attributes of individuals. To date, however, most 
previous studies have focused primarily on individual factors (e.g., self-efficacy, motivation) and 
less so on aspects of the social environmental factors such as social support, and physical 
environmental factors such as facilities accessibility. Few studies have assessed how both 
environmental and individual factors are interrelated and interact to explain physical activity 
behaviors. 
Possible reasons or concerns in applying social ecological models include “the lack of 
sufficient specificity to guide conceptualization of a specific problem, identification of 
appropriate interventions, or clarity in determining when and where to intervene” (Fleury & Lee, 
2006, p. 137). Given this potential for lack of specificity, theoretical and conceptual development 
is essential to the advancement of social ecological models to guide physical activity research 
targeting school-aged students (McLeroy et al., 1988). Following this approach, Giles-Corti and 
Donovan (2002, 2003) found physical environmental factors may serve as secondary influences 
on physical activity behavior compared to individual factors. The results from their studies 
showed relative influence of individual, social, and physical environmental factors on walking at 
recommended levels, and suggested that physical environmental factors may not be adequate to 
ensure that sufficient physical activity occurs. 
In addition, Smedley and Syme (2000) have recommended the integration of relevant 
theoretical perspectives with the social ecological models to enhance specificity in problem 
identification and treatment at intrapersonal, interpersonal, and community levels of influence. 
Sallis and Owen (2002) also emphasized that the social ecological perspective is viewed as an 
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overarching framework for understanding the interactions among diverse individual and 
environmental factors in human health behaviors. Although the social ecological models 
typically present specific levels of variables to be considered (McLeroy et al., 1988), the models 
do not give specific guidance on which variable within each level might be most important for 
the topic of interest. Because social ecological models typically lack specificity at all levels, 
other models or theories can be and need to be integrated into the ecological model to enhance 
the specificity of all levels of influence (Elder et al., 2006; Sallis & Owen, 2002). Clearly, more 
work is needed to establish the efficacy and operationalization of such a complex conceptual 
model (Green et al., 1996). 
A case in point is that King and his colleagues (2002) have proposed that integrating 
personal-level perspectives such as self-determination theory with environmental factors 
(physical and social environments) is an important step in efforts to clarify their potential 
relevance in the physical activity promotion field. They argue that exploring ways of combining 
the social ecological model with self-determination theory may offer a broader understanding of 
inherent factors in school physical activity settings and enhance the potency of physical activity 
interventions for school-aged children. However, no empirical work has been undertaken to 
evaluate the application of these combined framework to physical activity promotion. 
On the other hand, there is consistent evidence to indicate that psychosocial models, such 
as self-determination theory, alone cannot adequately predict physical activity behaviors because 
physical environmental factors are not considered (Sallis & Owen, 2002). Combined with 
demographic variables, individual factors and social factors explain only a small portion of the 
variance in physical activity behavior, indicating a need to explore other potential contributing 
factors. Further, the psychosocial models cannot inform the development of physical activity 
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intervention strategies that target changes beyond the individual levels (Kimieck, Horn, & Shurin, 
1996). These psychosocial approaches have tended to overlook the broader context in which the 
physical activity of individuals occurs. The extent to which physical activity research focuses on 
individual factors and social factors, but ignores the physical environmental factors of behavior, 
may negatively affect the effectiveness of physical activity interventions. Therefore, 
psychosocial models may be unable to adequately and fully explain the rapid growth and the 
high population prevalence of physical inactivity over the past two decades. The inclusion of 
physical environmental factors in physical activity models is theoretically and empirically 
justified and an important next step in physical activity research (Dannenbery et al., 2003). 
There is growing agreement among policy makers and researchers that physical 
environmental factors may play a key role in promoting individuals’ physical activity (Sharpe, 
Granner, Hutto, & Ainsworth, 2004). In their review of physical activity correlates, Sallis and 
Owen (1999) emphasized the need for a broad perspective that includes individual (e.g., self-
efficacy, motivation) as well as contextual variables (social and physical environment). More 
attention has focused on the potential impact that the social and physical environments can have 
on levels of physical activity (Bauman et al., 2002; Humpel et al., 2002; King et al., 2002; 
Saelens et al., 2003; Sallis & Owen, 2002). 
Rather than positing that physical activity behavior is influenced by a narrow range of 
psychological variables, social ecological models incorporate a wide range of influences at 
multiple levels, including intrapersonal (biological, psychological), interpersonal, organizational, 
physical environment, and policy factors (laws, rules, regulations, codes). Psychosocial models, 
such as self-determination theory, can be integrated into social ecological models to provide 
specific hypotheses for given levels, such as intrapersonal and interpersonal levels (Sallis et al., 
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2006). Given that social ecological models have been widely accepted in specific areas, such as 
tobacco control (CDC, 1999; Elder & Stern, 1986), as well as in broad areas, such as guiding the 
public health and science policy agendas of Health people (2000) and the Institute of Medicine 
(2001), more research is needed to examine how constructs from self-determination theory might 
relate to social ecological models and serve complementary roles in changing physical activity 
behavior (King et al., 2002). Given the success of the self-determination theory to predict 
physical activity behavior in published studies, it has been suggested that the correlates of 
physical activity behavior be examined from a social ecological perspective using the self-
determination theory model to address psychosocial influences (Sallis et al., 2006). 
SUMMARY AND DISCUSSION 
Regular physical activity is needed in order for school-aged students to obtain physical, 
social, and mental benefits. Many school-aged students, however, adopt sedentary lifestyles, and 
this may be due to social and physical environments that inhibit physical activity and reinforce 
sedentary living. Given the importance of the social environment and the physical environment, 
it is necessary to increase our understanding of environmental influences on physical activity. 
This effort will help translational researchers develop physical activity interventions that 
maximize the use of the existing environmental structure to increase physical activity.  
Social ecological models of health behavior suggest that social and environmental factors 
play a key role in increasing physical activity. Numerous national reports suggest that social 
ecological models may be suitable for addressing the current childhood obesity epidemic and 
low levels of physical activity among school-age children. Thus, the impact of the environmental 
factors on physical activity has received greater attention in recent years from physical activity 
researchers and practitioners, as well as health policy makers (Atkinson, Sallis, Saelens, Cain, & 
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Black, 2005).  
Although the importance of considering the physical environment is evident, 
understanding physical activity choices at the individual level continues to be a critical 
component in developing effective physical activity strategies (Culos-Reed, Gyurcsik, & 
Brawley, 2001). It is well-documented that physical activity behavior among school-aged 
students is determined by multilevel factors, including personal characteristics (e.g. age, gender, 
body weight), individual cognitive factors (e.g. perceived self-efficacy, motivation), social 
environmental factors (e.g. social support from friends, parents, siblings, teachers), and physical 
environmental factors (e.g. convenience of physical activity facilities, safety of physical activity 
settings). 
Self-determination theory has been used extensively with school-aged students and 
appears to be an efficacious framework to evaluate exercise and physical activity behaviors in 
this population. Self-determination theory has consistently demonstrated strong efficacy in 
investigating the relationships between physical activity motivation and relevant motivated 
behaviors, and can explain significant amounts of the variance in exercise and physical activity 
behavior (Hagger et al., 2003). 
In recent years, much research has examined various social environments that facilitate 
and undermine the three basic needs satisfaction. Researchers have examined the assumption that 
an autonomy-supportive environment facilitates self-determined motivation, healthy-
development, and optimal psychological functioning. The findings have revealed a positive 
relationship between an autonomy-supportive environment and self-determined motivation 
(Hagger et al., 2003; Reinboth et al., 2004; Vierling et al., 2007). In addition, Standage and his 
colleagues (2005, 2006) have examined that need-supportive environment (i.e., autonomy 
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support, competence support, and relatedness support = need support) on physical education 
students’ psychological need satisfaction, self-determined motivation, and various motivational 
outcomes. The findings demonstrated that need-supportive environments have a strong positive 
influence on psychological need satisfaction, which in turn predicted high level of self-
determined motivation. Self-determined motivation directly predicted motivational outcomes 
such as intentions, affect, concentration, task challenge, and teacher ratings of student effort, and 
indirect predicted students’ future participation in physical education.  
Implications for Practice 
Although the study of environmental influences on physical activity is still in its infancy, 
several clear implications for best practice emerge from this literature. First, given that changing 
physical environments has the potential to influence daily physical activity of entire populations 
over long periods of time, it is important for practitioners to design an active-friendly physical 
environment in specific settings to promote individuals’ regular participation in physical activity. 
Second, research supporting the basic principle of the social ecological models demonstrated that 
each behavior setting has environmental characteristics that are relevant to specific types or 
purposes of physical activity (Sallis & Owen, 2002). Thus, school policy-makers can increase the 
budget for physical activity facilities so that school-aged students may easily access to physical 
activity facilities at schools.  
The findings based on self-determination perspective indicate that practitioners, such as 
physical education teachers, should make every effort to ensure that activities are tailored to meet 
students’ psychological needs. Practitioners should provide students with choice as often as 
possible, involve students in the decision-making and goal-setting process, acknowledge students’ 
perspectives and feelings, provide positive and appropriate informational feedback, focus on 
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self-improvement rather than social comparison, highlight the importance of perseverance and 
effort, demonstrate or establish peer learning groups, give students cooperative tasks with a 
clearly defined goal, and develop positive teacher-student and student-student relationship based 
on respect, trust, and caring (Biddle, 1999, 2001; Chen, 2001). 
Directions for Future Research 
There is growing interest in the social ecological perspective as a more productive 
framework for physical activity research (Cunningham & Michael, 2004). Researchers have 
often studied single theories or perspectives when investigating the relationship of school-aged 
students’ physical activity and influential factors. More research is needed that combines 
individual-level perspectives with social ecological models in the study of school students’ 
physical activity. Social ecological models underscore the dynamic interplay between 
environmental and individual factors, and environmental influences can play a direct and indirect 
role in shaping habitual physical activity behaviors (Humpel et al., 2002; McCormick et al., 2004; 
Saelens et al., 2003). Little empirical evidence, however, supports these interrelationships 
between environmental and individual factors. The social ecological analyses also emphasize the 
interdependence of environmental conditions within particular settings and the interconnection 
between multiple settings, but little research had investigated specific features of the school 
environments that impact on school-aged students’ physical activity. More empirical study is 
needed to examine these relationships in school-aged students. The social ecological perspective 
is inherently interdisciplinary in its approach to health-related research. Therefore, this new 
paradigm encourages researchers to involve a transdisciplinary research agenda (Sallis & Owen, 
2002) and the use of hierarchical data structures and multilevel statistical procedures 
(Subramanian, Jones, & Duncan, 2003). Additionally, although ample evidence supports the 
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cross-sectional association between multilevel environmental and individual factors and adults’ 
physical activity behavior, experimental or longitudinal linkages between environmental and 
individual factors and objective measures of physical activity behavior among school-aged 
students is needed (Humpel, Marshall, Leslie, Bauman, & Owen, 2004). 
Few studies have examined the relationships among a need-supportive environment 
created by physical education teachers, psychological need satisfaction (autonomy, competence, 
and relatedness), self-determined motivation, and achievement-related outcomes in middle 
school physical education based on HMIEM (Ntoumanis, 2001, 2005; Standage et al., 2005). 
The influences of multifaceted social environments, such as social support from teachers, parents, 
and peers, on school students’ motivation and engagement in physical activity have also not been 
thoroughly explored. Additionally, no research has integrated physical environmental factors 
with self-determination perspective to investigate school students’ physical activity levels. 
Experimental or longitudinal studies are needed to examine the self-determination theory and the 
causal sequences of HMIEM (Goudas & Biddle, 1995). Finally, future research should examine 
specific subgroups such as age/grade, gender, race, and those who are of a low socioeconomic 
status to determine their motivation toward physical education and engagement in physical 
activity. To deepen our understanding of self-determination theory, therefore, more research 
grounded in this theoretical framework is warranted and would provide us great insights for 
future research and action.  
An Integrated Model 
To promote physically active lifestyles and engagement in physical activity, it is 
important to examine the complex network of relationships among physical environments in 
school settings, need support from physical education teachers (autonomy support, competence 
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support, and relatedness support), psychological need satisfaction (autonomy, competence, and 
relatedness), self-determination motivation, and school-aged students’ engagement in physical 
activity. The ultimate aim of this line of research is to integrate self-determination theory within 
the social ecological models to examine how supportive school physical environments and social 
environments created by teachers in physical education classes affect students’ motivation in 
physical education and participation in physical activity, with the goal of learning how to create 
supportive school environments that promote the adoption of physically active lifestyles among 
school-aged students. 
One way to do this is to test hypothetical models that integrate these perspectives. Toward 
that end, using social ecological models and self-determination theory as guiding frameworks, 
we propose a hypothesized theoretical model (See figure 8). This hypothesized model is based on 
social ecological models of health behaviors and self-determination theory in addition to 
empirical evidence that demonstrates direct or indirect relationships among multilevel factors 
and physical activity. Based on the previous studies in physical activity, this theoretical model 
may be more successful than those relying solely on individual-oriented psychological theories 
since this model includes multilevel influences of physical activity. This effort is consistent with 
the national research agenda to promote the utilization of a dual-level framework to investigate 
multilevel influences of physical activity. The primary contribution of this line of research, 
therefore, is to simultaneously examine multilevel influences of individual, social environmental, 
and physical environmental correlates on school-aged students’ physical activity by integrating 
powerful self-determination theory with the social ecological models.  
The model represents proposed interactions among physical environments in school 
settings, need support from physical education teachers, psychological need satisfaction, self-
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determination motivation, and students’ engagement in physical activity. Specifically, the 
following hypotheses to be tested are embedded in the model. 
 
 
 
 
Figure 11.  Structural model of the hypothesized variables 
 
1. Social environments created by physical education teachers, including 
competence support, autonomy support, and relatedness support, will directly 
relate to the students’ engagement in physical activity, and will also indirectly 
predict students’ students’ engagement in physical activity, as mediated through 
students’ perceived psychological need satisfaction and self-determination 
motivation. 
2. Higher levels of students’ perceived psychological need satisfaction will directly 
predict higher levels of self-determination motivation in physical education, 
which in turn will directly predict students’ engagement in physical activity.  
3. Physical environments in school settings will directly relate to the students’ 
engagement in physical activity, and will also indirectly predict students’ students’ 
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engagement in physical activity, as mediated through students’ perceived self-
determination motivation in physical education. 
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APPENDIX B: CONSENT FORMS 
PARENTAL PERMISSION FORM 
Dear Parent or Guardian, 
 
My name is Tao Zhang and I am a doctoral student under the direction of Dr. Melinda Solmon in 
the Department of Kinesiology at Louisiana State University. I am conducting a research study 
to investigate the interactive relationships among individual (psychological need satisfaction and 
intrinsic motivation in physical education classes), social environmental (parents’ support, 
friends’ support, and teachers’ support), and physical environmental factors in school setting 
(e.g., equipment accessibility), as well as physical activity within and beyond physical education 
classes in a sample of middle school physical education students based on the Social Ecological 
Model (SEM) and Self-Determination Theory (SDT). 
 
The school principals and physical education teachers have agreed to allow me to work with 
your children. Your child will be asked to fill out questionnaires that define their current personal 
perceptions of the school physical activity environment, social support from physical education 
teachers, parents, and friends, need satisfaction, intrinsic motivation in physical education, and 
physical activity behaviors in the past 7 days. These surveys will be completed during regular 
physical education classes and will take 20-to-25 minutes to complete. Objective levels of 
engagement in physical activity in physical education classes would be measured by 
accelerometers (Actical activity monitors, Mini-Mitter Co., Inc., Bend, OR). 
 
Your child’s participation in this study is strictly voluntary. If he/she chooses not to participate or 
withdraw from the study at anytime, there will be no penalty. Your child’s grades in school will 
not be affected at all. The benefit of your child’s participation is a better understanding of current 
activity levels as well as knowing the school environments to influence physical activity 
participation in school setting. The results of this study may be used for publication or 
presentation at professional conferences. Your child’s response will be confidential and no 
identifying information will be documented. If you have any questions concerning this research 
study or your child’s participation in this study, please call me at (225) 578-9145 or Dr. Melinda 
Solmon at (225) 578-2639. If you will give me permission for your son or daughter to participate, 
please sign this letter below and return it to your child's physical education teacher. Thank you 
very much for your help. 
 
Sincerely, 
 
 
Tao Zhang 
LSU Ph.D. Student 
 
 
 
Approved:    
                                  Principal 
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I give permission for my child ________________________ to participate in the above study. I 
understand that participation is strictly voluntary and my child can withdraw at any time without 
penalty. 
 
 
Parent’s Name: _____________________________ 
 
 
Parent’s Signature: __________________________ Date: ________________ 
 
If you have any questions about subjects' rights or other concerns, or if you feel you have been 
placed at risk, you can contact Robert C. Mathews, Institutional Review Board, (225) 578-8692. 
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1. Study Title:    Motivating middle school students’ to be physically active: The role of 
supportive environments 
2. Performance Site:  Two middle schools, Louisiana 
3. Investigators:       The investigators listed below are available to answer questions about the 
research, M-F, 8:00 a.m. - 4:00 p.m.: Tao Zhang, M.Ed. 225-578-9145, 
Melinda Solmon, Ph.D., 225-578-2639. 
4. Purpose of the Study:       The purpose of this research project is to identify the 
characteristics of the individual, social, and physical environmental 
factors that are most strongly associated with physical activity in 
PE classes in a sample of middle-school PE students. 
5. Subject Inclusion:    Students in the two middle schools will be recruited. Any student who is 
not able to actively participate in class (due to injury, illness, or some 
other circumstance) will be excluded from the study. 
6. Number of Subjects: 400 middle school students. 
7. Study Procedures:         Questionnaires will be distributed to students. The questionnaires 
will inquire about students’ perceptions of the individual, social, and 
physical environmental factors that are most strongly associated with 
physical activity. The students may voluntarily complete and return 
the questionnaires. Further, objective levels of engagement in 
physical activity in PE classes would be measured by accelerometers 
(Actical activity monitors, Mini-Mitter Co., Inc., Bend, OR). 
8. Benefits: There are no direct benefits to the subjects. However, information gained from the 
study may provide beneficial information about personal physical activity behavior 
and motivation, which could be targeted for future intervention to gain a healthier 
lifestyle. 
9.  Risks/Discomforts: There is no known risk to the participant. Every effort will be made to 
maintain the confidentiality of the study records. Files will be kept in 
secure cabinets to which only the investigator has access.  
10. Right to Refuse:   Subjects may choose not to participate or to withdraw from the study at 
any time without penalty or loss of any benefit to which they might 
otherwise be entitled. 
11. Privacy: The LSU Institutional Review Board (which oversees university research with 
human subjects) may inspect and/or copy the study records. Results of the study 
may be published, but no identifying information will be included in the 
publication. Other than as set forth above, subject identity will remain confidential 
unless disclosure is legally compelled.  
12. Signatures:  The study has been discussed with me and all my questions have been answered. 
I may direct additional questions regarding study specifics to the investigators. 
If I have questions about subjects' rights or other concerns, I can contact Robert 
C. Mathews, Institutional Review Board, (225) 578-8692. I agree to participate 
in the study described above and acknowledge the investigator's obligation to 
provide me with a signed copy of the consent form. 
   
           Parent’s Signature                                                    Date 
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CHILD ASSENT FORM 
 
 
 
 
I,                                                  , agree to be in a study to help teachers and researchers at LSU 
learn how to improve physical education classes. I will fill out questionnaires during my physical 
education classes, and wear an accelerometer for three consecutive classes to measure how active 
I am during physical education.  I understand that if I have questions, I can ask the teachers and 
researchers from LSU. I can decide to stop being in the study at any time without getting in 
trouble. 
 
 
 
                                                                           
 Child's Signature:                                                      Age:                        Date:                          
 
                                                                           
         Witness:                                                            Date: 
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A BRIEF PROJECT DESCRIPTION 
 
Motivating Middle School Students’ to be Physically Active:  
The Role of Supportive Environments 
 
School-based physical education programs are an important educational arena in which children 
and adolescents can develop their motor skills, physical fitness, and, most importantly, increase 
their engagement in regular physical activity. Based on the notion that engagement in regular 
physical activity during childhood and adolescence can positively influence lifetime activity 
levels, it is important to foster students’ motivation toward physical activity within school setting. 
This effort can facilitate the development of effective intervention strategies aimed at the 
prevention of physical inactivity and obesity among children and adolescents. 
 
Using Social Ecological Model (SEM) and Self-Determination Theory (SDT) as theoretical 
frameworks, the main purpose of this study is to investigate the interactive relationships among 
individual (psychological need satisfaction and intrinsic motivation in physical education 
classes), social environmental (parents’ support, friends’ support, and teachers’ support), and 
physical environmental factors in school setting (e.g., equipment accessibility), as well as 
physical activity behaviors within and beyond physical education in a sample of middle-school 
physical education students.  
 
Participants for this study will be recruited from two middle schools in Louisiana. The sample 
will consist of 400 students who will be asked to complete questionnaires during their regular 
physical education classes. Participation in the study is voluntary, and students will be recruited 
from physical education classes. Self-report measures of students’ perceptions of the individual, 
social, and physical environmental factors that are most strongly associated with students’ 
physical activity behavior will be obtained. Items on the questionnaires include questions about 
demographic characteristics, need satisfaction (autonomy, competence, and relatedness), intrinsic 
motivation in physical education, social support from physical education teachers, parents, and 
friends, school physical activity environment factors, and self-reported levels of physical activity. 
Further, students’ objective levels of engagement in physical activity in PE classes would be 
measured by accelerometers (Actical activity monitors, Mini-Mitter Co., Inc., Bend, OR). 
 
There is no known risk to the participants. Every effort will be made to maintain the 
confidentiality of the study records. Files will be kept in secure cabinets to which only the 
investigator has access. In addition, participants cannot be identified in the research data directly 
or statistically, and no one can track back from research data to identify a participant, as the 
participants will not be asked to provide their identifying information. 
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APPENDIX C: INSTRUMENTATION 
 
INTRINSIC MOTIVATION 
INSTRUCTIONS: Please answer each item as honestly and completely as possible. Please 
MARK only one answer which most closely describes how much you agree or disagree with 
each statement. There are no right or wrong answers. If you have any questions, please ask me. 
Thanks!  
I take part in my PE class: Strongly 
Disagree 
Disagree Mildly 
Disagree 
Neutral Mildly 
Agree 
Agree Strongly 
agree 
1. Because PE is fun.        
2. Because I enjoy learning 
new skills. 
       
3. Because PE is exciting.        
4. Because of the enjoyment 
that I feel while learning new 
skills or techniques. 
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PSYCHOLOGICAL NEED SATISFACTION 
 
Please mark only one answer which most closely describes how much you agree or disagree with 
each statement. 
 
In my PE class 
 
Strongly 
Disagree 
Disagree Mildly 
Disagree 
Neutral Mildly 
Agree 
Agree Strongly 
agree 
1. I can decide which activities I 
want to practice. 
       
2. I have a say regarding what 
skills I want to practice. 
       
3. I feel that I do PE because I 
want to. 
       
4. I have to force myself to do 
the activities. 
       
5. I feel a certain freedom of 
action. 
       
6. I have some choice in what I 
want to do. 
       
7. I think I am pretty good at PE.        
8. I am satisfied with my 
performance at PE. 
       
9. When I have participated in 
PE for a while, I feel pretty 
competent. 
       
10. I am pretty skilled at PE.        
11. I cannot do PE very well.        
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With the other students in this 
PE class I feel: 
Strongly 
Disagree 
Disagree Mildly 
Disagree 
Neutral Mildly 
Agree 
Agree Strongly 
agree 
12. Supported.         
13. Understood.         
14. Listened to.         
15. Valued.         
16. Safe.         
 
 
 
 
 
  
151 
 
SOCIAL SUPPORT FROM PHYSICAL EDUCATION TEACHERS 1 
Please mark only one answer which most closely describes how much you agree or disagree with 
each statement. 
In my PE class Strongly 
Disagree 
Disagree Mildly 
Disagree 
Neutral Mildly 
Agree 
Agree Strongly 
agree 
1. I feel that my PE 
teacher/coach provides me 
choices and options. 
       
2. I feel understood by my PE 
teacher/coach. 
       
3. My PE teacher/coach 
conveyed confidence in my 
ability to do well in the 
course. 
       
4. My PE teacher/coach 
encouraged me to ask 
questions. 
       
5. My PE teacher/coach 
listens to how I would like to 
do things. 
       
6. My PE teacher/coach tries 
to understand how I see things 
before suggesting a new way 
to do things. 
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7. The PE teacher helps us to 
improve. 
       
8. The teacher makes us feel 
like we are good at PE. 
       
9. We feel that the PE teacher 
likes us to do well. 
       
10. The PE teacher makes us 
feel like we are able to do the 
activities in class. 
       
11. The PE teacher supports 
us. 
       
12. The PE teacher 
encourages us to work 
together in practice. 
       
13. The PE teacher has respect 
for us. 
       
14. The PE teacher is 
interested in us. 
       
15. We feel that the PE 
teacher is friendly towards us. 
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SOCIAL SUPPORT FROM PARENTS 
Please mark only one answer which most closely describes how much you agree or disagree with 
each statement. 
 
During a typical week, how often has your 
parent or guardian: 
None Once Sometimes Almost  
every day 
Every 
 day 
1. Encouraged you to do physical activities or 
play sports? 
     
2. Done a physical activity or played sports 
with you? 
     
3. Provided transportation to a place where 
you can do physical activities or play 
sports? 
     
4. Watched you participate in physical 
activities or sports? 
     
5. Told you that you are doing well in 
physical activities or sports? 
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SOCIAL SUPPORT FROM FRIENDS 
Please mark only one answer which most closely describes how much you agree or disagree with 
each statement. 
 
During a typical week, how often None Once Sometimes Almost  
every day 
Every 
 day 
1. Do you encourage your friends to do 
physical activities or play sports? 
     
2. Do your friends encourage you to do 
physical activities or play sports? 
     
3. Do your friends do physical activities or 
play sports with you? 
     
4. Do other friends tease you for not being 
good at physical activity or sports? 
     
5. Do friends tell you that you are doing well 
in physical activities or sports? 
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SOCIAL SUPPORT FROM PHYSICAL EDUCATION TEACHERS 2 
Please MARK only one answer which most closely describes how much you agree or disagree 
with each statement. 
In my Physical Education class: 
 
Disagree 
a lot 
Disagree 
a little 
No 
Opinion 
Agree 
a little 
Agree 
a lot 
1. My teacher really listens to what I have to say.      
2. My friends and I are treated fairly by my PE 
teacher. 
     
3. My PE teacher gives me extra help when I 
can’t do something. 
     
4. My teacher encourages me to the best that I 
can be. 
     
5. My teacher encourages me to be physically 
active outside of class. 
     
6. My physical education teacher participates 
with us in PE activities. 
     
 
  
156 
 
EQUIPMENT ACCESSIBILITY AND PERCIEVED SAFETY 
Please mark only one answer which most closely describes how much you agree or disagree with 
each statement. 
 
How do you feel about each of the following 
statements? 
Disagree 
a lot 
Disagree 
a little 
No 
Opinion 
Agree 
a little 
Agree 
a lot 
1. At home there are enough supplies and 
pieces of sports equipment (like balls, 
bicycles, skates) to use for physical activity 
     
2. There are playgrounds, parks, or gyms 
close to my home or that I can get to easily 
     
3. It is safe to walk or jog alone in my 
neighborhood during the day 
     
4. It is difficult to walk or jog in my 
neighborhood because of things like traffic, 
no sidewalks, dogs, or gangs. 
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SELF-EFFICACY 
Please mark only one answer which most closely describes how much you agree or disagree with 
each statement. 
How do you feel about each of the following 
statements? 
Disagree 
a lot 
Disagree 
a little 
No 
Opinio
n 
Agree 
a little 
Agree
a lot 
1. I can be physically active during my free 
time on most days. 
     
2. I can ask my parent or other adult to do 
physically active things with me. 
     
3. I can be physically active during my free 
time on most days even if I could watch 
TV or play video games instead. 
     
4. I can be physically active during my free 
time on most days even if it is very hot or 
cold outside. 
     
5. I can ask my best friend to be physically 
active with me during my free time on 
most days. 
     
6. I can be physically active during my free 
time on most days even if I have to stay at 
home.  
     
7. I have the coordination I need to be 
physically active during my free time on 
most days. 
     
8. I can be physically active during my free 
time on most days no matter how busy my 
day is. 
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SELF-DETERMINED MOTIVATION 
Please mark only one answer which most closely describes how much you agree or disagree with 
each statement. 
I take part in my PE class: 
 
Strongly 
Disagree 
Disagree Mildly 
Disagree 
Neutral Mildly 
Agree 
Agree Strongly 
agree 
1. Because PE is fun.        
2. Because I enjoy learning new 
skills. 
       
3. Because PE is exciting.        
4. Because of the enjoyment 
that I feel while learning new 
skills or techniques. 
       
5. Because I want to learn sport 
skills. 
       
6. Because it is important for 
me to do well in PE. 
       
7. Because I want to improve in 
sport. 
       
8. Because I can learn skills 
which I could use in other areas 
of my life. 
       
9. Because I want the teacher to 
think I’m a good student. 
       
10. Because I would feel bad 
about myself if I didn’t. 
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11. Because I want the other 
students to think I’m skillful. 
       
12. Because it bothers me when 
I don’t. 
       
13. Because I’ll get into trouble 
if I don’t. 
       
14. Because that’s what I am 
supposed to do. 
       
15. So that the teacher won’t 
yell at me. 
       
16. Because that’s the rule.        
17. But I don’t really know 
why. 
       
18. But I don’t see why we 
should have PE. 
       
19. But I really feel I’m wasting 
my time in PE. 
       
20. But I can’t see what I’m 
getting out of PE. 
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PERCEIVED SCHOOL PHYSICAL ENVIRONMENT  
 
 
Please indicate the degree to which you either agree or disagree with 
each statement by placing a check √ in only ONE box. 
Strongly              Strongly 
Disagree                  Agree 
1 2 3 4 
1. The outdoor areas (e.g. playground, field) at my school are in good 
condition. 
    
2. The indoor areas (e.g. gym) at my school are in good condition.     
3. The outdoor areas at my school are big enough for students to be 
physically active. 
    
4. The indoor area at my school is big enough for students to be 
physically active. 
    
5. My school has good quality sport and physical activity equipment for 
students to use. 
    
6. My school has enough equipment for students to use.     
7. The gym classes at my school are long enough.      
8. The gym classes at my school occur often enough during the week.      
9. We do a variety of activities in gym class at my school.      
10. Students can participate in a variety of sports teams at my school.      
11. My school offers other physical activities or organized sports for 
students after school.  
    
12. I can find out about community physical activity and sport 
opportunities at my school.  
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PERCEIVED HOME PHYSICAL ENVIRONMENT 
Please indicate which items you have in your home, yard, or apartment complex. (Yes=Y; No=N) 
 
1. Stationary aerobic equipment (e.g. treadmill, cycle, elliptical)   Y             N 
2. Bicycle   Y             N 
3. Dog   Y             N 
4. Trampoline for jogging in place   Y             N 
5. Running shoes   Y             N 
6. Swimming pool   Y             N 
7.Weight lifting equipment (e.g. free weights, machines, 
Nautilus® /Universal®) 
  Y             N 
8. Toning devices (e.g. heavy hands, ankle weight, 
Dynabands®, Thighmaster®) 
  Y             N 
9. Aerobic workout videotapes or audiotapes   Y             N 
10. Step aerobics, slide aerobics   Y             N 
11. Skates (roller, in line, or ice)   Y             N 
12. Sports equipment (balls, racquets)   Y             N 
13. Surf board, boogie board, windsurf board   Y             N 
14. Canoe, row boat, kayak   Y             N 
15. Skis (water or snow)   Y             N 
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PERCEIVED NEIGHBORHOOD PHYSICAL ENVIRONMENT  
Please indicate which of the following apply to your neighborhood. (Yes=Y; No=N) 
1. Sidewalks   Y             N 
2. Heavy traffic   Y             N 
3. Hills   Y             N 
4. Street lights   Y             N 
5. Dogs that are unattended   Y             N 
6. Enjoyable scenery   Y             N 
7. Frequently see people walking or exercising   Y             N 
8. High crime   Y             N 
 
9. How safe to you fell walking in your neighborhood during the day? 
1. Very unsafe          2. Unsafe          3. Neutral          4. Safe          5. Very safe 
 
10. Is your neighborhood  
1. Residential                  2. Mixed commercial and residential               3. Mainly commercial 
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PHYSICAL ACTIVITY QUESTIONNAIRE FOR OLDER CHILDREN 
 
 
1. Have you done any of the following activities in the past 7 days (last week)? If yes, how many 
times? Please place a check √ in only ONE box. 
 
 None 1-2 
times 
3-4 
times 
5-6 times 7 times  
or more 
1. Skipping/Jumping Rope      
2. Roller Blading      
3. Active Games (tag)      
4. Walking for exercise      
5. Bicycling      
6. Jogging or Running      
7. Swimming laps      
8. Baseball, softball      
9. Dance (social, recreational)      
10. Football      
11. Racket sports (badminton, tennis, 
racquetball) 
     
12. Skateboarding      
13. Soccer      
14. Volleyball      
15. Hockey (roller, ice, street)      
16. Basketball      
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 None 1-2 
times 
3-4 
times 
5-6 times 7 times  
or more 
17. Ice Skating      
18. Martial Arts (karate, judo)      
19. Gymnastics      
20. Other      
 
2. Which one of the following describes you best for the last 7 days? Read all five statements 
before deciding on the one answer that describes you. (Please Circle only one number) 
A. All or most of my free time was spent doing things involving little physical effort. 
B. I sometimes (1-2 times last week) did physical things in my free time. 
C. I often (3-4 times last week) did physical things in my free time. 
D. I quite often (5-6 times last week) did physical things in my free time. 
E. I very often (7 times last week) did physical things in my free time. 
 
3. In the last 7 days, during your physical education (PE) classes, how often were you very active 
(playing hard, running, jumping, throwing)?  
A. I don't do PE    B. Hardly Ever    C. Sometimes    D. Quite Often    E. Always 
 
4. In the last 7 days, on how many days right after school, did you do sports, or play games in 
which you were very active? 
A. None           B. 1 time         C. 2-3 times      D. 4 times        E. 5 times 
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5. In the last 7 days, on how many evenings did you play sports, dance or play games in which 
you were very active? 
A. None           B. 1 time         C. 2-3 times      D. 4 times        E. 5 times 
 
6. This past weekend, how many times did you play sports, dance, or play games in which you 
were very active? 
A. None           B. 1 time         C. 2-3 times      D. 4 times        E. 5 times 
 
7. In the last 7 days, what did you normally do at lunch (besides eating lunch)? (Check one only.) 
A. Sat down (talking, reading, doing schoolwork)     B. Stood around or walked around         
C. Ran or played a little bit                       D. Ran around and played quite a bit 
E. Ran and played hard most of the time 
 
8. Were you sick last week, or did anything prevent you from doing your normal physical 
activities? 
(1). Yes                                 (2). No 
 
9. If yes, what prevented you?                                   
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APPENDIX D: RAW DATA 
RAW DATA OF STUDY ONE 
grade    gender      age        race        AU-S    CO-S     RE-S       AU         CO         RE          IM          PA 
6.0 1.0 12.0 3.0 5.83 5.5 5.6 5.67 5.8 6.0 6.25 3.39 
6.0 1.0 13.0 1.0 3.83 3.75 3.0 4.67 3.2 4.8 4.75 2.79 
6.0 2.0 12.0 1.0 2.0 2.0 2.0 2.0 2.8 3.4 3.25 3.36 
6.0 1.0 12.0 1.0 5.0 4.5 4.4 3.5 5.8 2.8 4.0 2.77 
6.0 2.0 12.0 1.0 5.5 6.5 6.6 2.83 5.0 6.8 5.0 3.68 
6.0 2.0 12.0 4.0 5.5 6.25 6.4 5.67 6.8 7.0 7.0 4.83 
6.0 1.0 13.0 1.0 4.67 4.0 3.8 3.5 3.8 4.4 4.0 2.41 
6.0 2.0 12.0 1.0 4.33 5.75 4.8 5.17 4.6 7.0 4.75 3.49 
6.0 2.0 12.0 3.0 4.0 5.75 6.6 5.83 5.8 2.8 5.5 2.49 
6.0 2.0 13.0 1.0 7.0 7.0 7.0 6.33 6.8 7.0 5.75 4.57 
6.0 2.0 12.0 5.0 6.67 6.0 5.0 5.17 5.6 5.2 5.75 2.39 
6.0 2.0 12.0 1.0 3.67 5.25 4.4 4.83 4.6 6.2 4.25 3.06 
6.0 1.0 13.0 1.0 4.33 4.25 4.2 3.83 5.0 2.2 3.25 3.15 
6.0 1.0 13.0 1.0 4.0 4.0 4.0 4.17 4.4 3.0 2.75 2.81 
6.0 1.0 12.0 1.0 1.17 5.5 1.8 1.33 5.8 1.8 2.25 3.51 
6.0 1.0 15.0 1.0 5.83 5.25 4.8 5.33 4.4 5.4 5.5 2.91 
6.0 1.0 12.0 4.0 2.33 3.25 3.6 4.67 3.8 1.8 5.5 2.48 
6.0 2.0 13.0 1.0 2.83 3.5 4.8 3.0 5.2 4.4 3.0 2.99 
6.0 2.0 12.0 1.0 1.67 4.25 3.6 3.83 3.8 2.4 4.25 3.42 
6.0 1.0 12.0 1.0 2.5 2.0 3.0 4.0 3.8 3.0 3.25 2.92 
6.0 2.0 12.0 1.0 5.0 4.5 5.0 4.67 4.8 2.2 5.25 3.06 
6.0 2.0 13.0 1.0 3.5 5.5 5.8 5.67 5.4 6.6 4.75 3.55 
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6.0 1.0 12.0 1.0 7.0 6.25 6.2 3.83 5.2 6.8 4.75 2.67 
6.0 1.0 14.0 2.0 6.17 5.5 4.6 5.17 4.4 7.0 5.5 2.16 
6.0 1.0 13.0 1.0 4.0 5.25 4.2 3.0 5.8 6.0 6.75 4.42 
6.0 1.0 12.0 1.0 2.33 5.0 5.8 5.5 5.6 5.2 6.0 3.32 
6.0 2.0 12.0 1.0 4.0 4.0 4.2 4.5 4.0 7.0 4.25 2.89 
6.0 1.0 12.0 2.0 3.5 7.0 7.0 6.83 6.0 3.8 7.0 2.99 
6.0 2.0 12.0 1.0 5.67 4.25 4.2 4.17 4.4 6.6 4.25 3.11 
6.0 1.0 12.0 1.0 5.17 4.0 4.2 4.83 4.0 7.0 6.0 4.17 
6.0 1.0 12.0 1.0 3.5 2.5 3.8 4.17 4.0 3.2 3.5 2.5 
6.0 1.0 13.0 1.0 2.0 7.0 4.6 1.0 3.4 6.0 4.75 3.27 
6.0 1.0 12.0 1.0 6.67 6.25 5.0 5.0 5.6 7.0 6.0 4.48 
6.0 1.0 13.0 1.0 5.5 5.5 3.8 2.67 5.0 6.8 6.75 2.96 
6.0 2.0 12.0 1.0 4.0 4.75 4.6 4.5 5.8 4.0 3.25 2.72 
6.0 2.0 12.0 1.0 7.0 7.0 7.0 5.17 5.0 6.2 6.75 3.74 
6.0 2.0 13.0 2.0 4.17 5.0 5.2 4.67 4.4 5.0 5.75 2.69 
6.0 2.0 12.0 1.0 3.33 4.25 4.0 4.0 4.0 3.8 3.75 3.05 
6.0 1.0 13.0 1.0 4.5 3.5 4.6 4.17 2.6 4.0 3.25 2.83 
6.0 2.0 12.0 1.0 5.67 6.0 5.6 4.67 5.2 6.6 6.75 3.51 
6.0 1.0 13.0 1.0 5.83 4.0 4.2 3.0 3.4 4.4 4.25 3.25 
6.0 1.0 12.0 1.0 5.33 5.75 5.6 4.33 5.0 6.0 6.25 3.15 
6.0 2.0 12.0 1.0 3.17 3.75 4.6 4.0 3.8 3.0 3.75 2.21 
6.0 2.0 12.0 5.0 4.33 4.0 4.0 4.17 4.0 4.8 4.5 3.31 
6.0 2.0 13.0 1.0 3.5 3.0 4.0 3.83 4.4 2.4 5.5 2.75 
6.0 1.0 12.0 1.0 5.17 4.0 4.4 3.83 4.0 3.2 3.0 2.47 
6.0 1.0 12.0 1.0 3.5 2.25 4.2 3.67 4.0 3.6 5.75 2.49 
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6.0 2.0 13.0 1.0 1.17 1.25 2.0 3.17 3.4 1.6 5.5 2.09 
6.0 1.0 12.0 4.0 3.5 4.0 4.4 4.0 4.0 4.0 4.25 3.16 
6.0 2.0 13.0 1.0 7.0 7.0 7.0 5.67 5.8 7.0 7.0 4.37 
6.0 2.0 12.0 1.0 6.83 7.0 7.0 5.0 5.8 7.0 7.0 3.32 
6.0 2.0 12.0 1.0 7.0 7.0 6.8 4.17 4.4 5.2 5.25 3.16 
6.0 2.0 14.0 5.0 7.0 6.75 5.6 4.83 4.0 6.4 5.75 3.69 
6.0 1.0 12.0 1.0 6.17 5.25 4.8 3.0 5.0 5.2 5.75 3.28 
6.0 1.0 13.0 2.0 7.0 7.0 6.8 6.67 6.8 7.0 6.5 3.97 
6.0 2.0 13.0 3.0 3.83 5.75 5.6 4.67 5.8 5.8 7.0 3.89 
6.0 2.0 12.0 1.0 6.0 6.5 6.8 5.5 5.8 6.6 6.75 3.99 
6.0 2.0 12.0 1.0 5.83 6.5 6.6 6.67 5.6 5.6 6.75 4.0 
6.0 1.0 12.0 2.0 5.83 6.0 6.4 4.0 5.4 6.6 6.75 4.42 
6.0 1.0 13.0 1.0 5.5 6.0 5.4 6.5 6.6 6.0 7.0 4.3 
6.0 1.0 12.0 1.0 3.83 4.0 4.0 4.0 5.2 4.8 7.0 4.14 
6.0 2.0 12.0 1.0 4.67 5.0 4.6 4.5 5.0 5.0 3.5 2.86 
6.0 2.0 12.0 1.0 2.17 2.25 4.0 3.67 4.4 5.0 4.5 2.96 
6.0 1.0 14.0 1.0 3.83 4.25 4.4 3.83 4.8 4.2 3.75 2.39 
6.0 1.0 15.0 1.0 4.67 6.75 6.4 5.33 5.0 6.2 6.25 3.52 
6.0 2.0 13.0 1.0 4.33 5.75 5.6 4.5 5.6 6.0 5.25 3.98 
6.0 1.0 12.0 1.0 1.0 1.0 2.6 4.0 5.4 1.2 4.75 3.41 
6.0 1.0 13.0 1.0 4.0 4.75 3.8 5.0 4.6 6.0 4.5 3.68 
6.0 2.0 13.0 1.0 6.83 5.25 6.4 5.67 5.8 6.0 4.75 3.56 
6.0 2.0 12.0 1.0 4.33 4.5 4.6 4.33 4.0 6.8 5.5 3.66 
6.0 2.0 12.0 1.0 7.0 7.0 6.4 6.83 6.8 7.0 7.0 4.36 
6.0 2.0 13.0 1.0 2.0 4.5 4.2 5.0 4.2 7.0 3.75 3.12 
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6.0 2.0 12.0 1.0 2.67 1.75 3.2 3.17 4.4 2.0 4.0 2.95 
6.0 1.0 13.0 3.0 3.5 4.25 4.2 3.5 4.4 7.0 4.5 3.29 
6.0 1.0 12.0 1.0 5.5 5.0 6.8 5.17 5.4 7.0 7.0 3.26 
6.0 2.0 12.0 2.0 3.67 4.0 4.0 4.67 4.4 4.0 4.5 4.19 
6.0 1.0 12.0 1.0 3.5 5.5 5.6 6.0 5.8 7.0 7.0 3.26 
6.0 2.0 12.0 5.0 7.0 3.75 4.6 4.5 5.0 4.8 5.25 2.13 
6.0 2.0 12.0 1.0 3.83 4.0 4.4 4.33 3.6 7.0 6.0 3.1 
6.0 1.0 12.0 1.0 4.5 5.5 4.2 4.67 6.2 4.0 5.75 3.02 
6.0 2.0 12.0 1.0 5.33 6.0 6.0 3.0 5.0 6.0 6.0 2.53 
6.0 1.0 12.0 2.0 1.0 2.75 2.8 3.33 2.4 3.2 3.0 2.39 
6.0 1.0 12.0 1.0 1.33 1.25 3.8 6.0 6.6 4.8 7.0 4.51 
6.0 2.0 12.0 3.0 5.83 6.0 5.6 6.17 6.6 6.4 6.75 2.76 
6.0 2.0 12.0 1.0 2.83 4.25 4.2 4.0 4.0 3.6 5.25 2.18 
6.0 2.0 12.0 1.0 4.67 5.25 6.2 6.33 5.2 5.6 4.25 2.91 
6.0 1.0 12.0 1.0 3.5 2.25 3.8 3.67 5.0 4.0 2.25 2.41 
6.0 2.0 12.0 5.0 7.0 5.5 3.4 4.33 4.0 5.0 5.25 2.64 
6.0 2.0 12.0 1.0 7.0 7.0 7.0 7.0 5.8 7.0 7.0 4.21 
6.0 1.0 12.0 1.0 4.0 6.0 5.8 5.0 4.8 7.0 5.5 3.48 
6.0 2.0 12.0 1.0 2.5 3.75 3.0 2.67 3.4 3.2 4.0 2.66 
6.0 2.0 12.0 1.0 7.0 7.0 7.0 6.0 5.8 7.0 7.0 4.61 
6.0 2.0 12.0 1.0 3.0 4.0 4.4 4.5 3.6 4.6 4.0 3.93 
6.0 2.0 12.0 1.0 2.0 3.0 1.0 3.0 3.4 2.0 3.75 3.01 
6.0 2.0 12.0 2.0 4.17 4.75 5.0 5.0 5.8 4.0 7.0 4.03 
7.0 1.0 13.0 1.0 6.5 6.0 6.6 5.67 6.6 6.0 6.5 3.86 
7.0 1.0 13.0 1.0 1.83 4.0 4.0 4.0 4.0 4.0 4.0 3.16 
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7.0 1.0 14.0 1.0 2.5 4.5 5.2 3.5 6.4 6.8 5.5 3.21 
7.0 1.0 14.0 5.0 6.0 5.5 5.8 4.67 5.0 3.0 6.75 3.51 
7.0 2.0 13.0 1.0 5.83 7.0 6.8 6.67 6.8 6.0 6.75 4.91 
7.0 1.0 13.0 1.0 4.17 3.75 3.2 3.5 5.0 6.2 3.25 3.83 
7.0 1.0 13.0 1.0 3.83 4.25 4.2 3.17 4.2 5.6 2.25 3.36 
7.0 2.0 13.0 1.0 4.0 4.0 4.4 4.17 4.4 4.0 4.25 2.78 
7.0 2.0 13.0 1.0 4.33 4.25 4.6 5.17 4.6 3.8 4.25 2.67 
7.0 2.0 14.0 1.0 4.0 4.0 4.0 4.0 4.0 5.0 3.5 2.88 
7.0 2.0 14.0 1.0 1.0 1.0 2.4 1.83 4.4 4.4 3.5 2.91 
7.0 2.0 14.0 1.0 3.67 5.5 5.8 5.67 5.6 6.0 5.25 2.69 
7.0 1.0 14.0 1.0 3.5 2.5 6.2 4.33 4.2 3.8 4.0 3.27 
7.0 2.0 13.0 1.0 4.33 4.5 4.2 4.17 4.0 4.0 3.75 3.15 
7.0 1.0 13.0 1.0 2.33 1.75 1.8 1.67 1.8 2.0 1.25 1.6 
7.0 2.0 13.0 1.0 6.5 4.25 5.0 5.33 4.2 4.0 5.0 3.15 
7.0 1.0 13.0 1.0 1.0 1.0 1.0 1.0 1.0 5.2 4.5 1.14 
7.0 1.0 13.0 1.0 4.33 5.0 4.8 4.17 4.4 4.4 6.25 2.52 
7.0 2.0 14.0 1.0 4.0 3.0 6.2 4.83 5.8 3.0 2.75 3.14 
7.0 1.0 13.0 1.0 1.83 4.0 5.8 3.67 5.0 6.0 3.75 3.11 
7.0 1.0 13.0 1.0 5.33 6.5 6.8 4.83 5.8 5.8 6.5 4.01 
7.0 2.0 13.0 1.0 5.0 5.0 4.4 4.33 4.2 4.8 4.75 3.09 
7.0 2.0 14.0 1.0 5.0 7.0 6.4 6.5 5.8 7.0 6.0 3.9 
7.0 2.0 13.0 1.0 5.17 4.75 4.4 4.0 4.2 4.0 5.0 3.66 
7.0 2.0 13.0 1.0 5.0 4.25 4.2 4.17 5.0 5.6 5.0 3.99 
7.0 2.0 13.0 1.0 5.0 5.0 5.0 4.67 4.4 6.0 4.5 4.01 
7.0 1.0 13.0 1.0 3.0 3.5 3.6 3.67 5.0 5.0 5.0 2.82 
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7.0 1.0 13.0 2.0 1.0 1.0 1.0 5.0 5.8 7.0 7.0 3.34 
7.0 2.0 13.0 1.0 4.17 5.5 6.0 4.67 4.6 6.0 5.75 2.85 
7.0 2.0 13.0 1.0 1.0 2.75 2.6 3.33 3.0 3.6 3.75 2.79 
7.0 1.0 13.0 2.0 3.83 4.0 3.6 4.17 4.2 5.8 2.75 3.98 
7.0 1.0 14.0 2.0 2.0 4.0 4.6 5.0 5.0 4.0 4.5 4.33 
7.0 2.0 13.0 1.0 4.0 7.0 7.0 6.0 5.8 7.0 7.0 3.65 
7.0 2.0 13.0 1.0 3.33 6.0 5.6 4.83 5.6 5.6 4.75 3.32 
7.0 2.0 13.0 1.0 6.17 6.0 6.8 3.67 4.8 7.0 5.75 3.84 
7.0 2.0 13.0 1.0 4.67 6.0 6.2 5.33 6.2 7.0 5.5 3.02 
7.0 1.0 14.0 1.0 1.83 3.75 3.6 3.17 4.0 3.8 4.25 2.31 
7.0 2.0 14.0 1.0 2.83 5.25 4.6 5.5 5.2 5.0 5.75 3.22 
7.0 1.0 14.0 1.0 1.33 1.0 2.2 1.0 5.8 1.6 6.0 3.01 
7.0 2.0 14.0 1.0 6.33 4.0 4.8 5.0 5.0 6.0 5.0 4.22 
7.0 2.0 14.0 1.0 7.0 6.25 7.0 5.17 5.0 6.2 6.25 3.21 
7.0 2.0 13.0 1.0 3.5 4.5 5.2 4.17 4.4 5.2 5.0 2.33 
7.0 2.0 14.0 1.0 5.67 6.5 6.2 5.33 5.8 6.0 6.0 3.52 
7.0 1.0 13.0 1.0 4.0 4.0 4.4 7.0 5.8 6.8 6.25 4.14 
7.0 1.0 12.0 1.0 2.33 5.25 5.2 4.0 4.4 4.0 6.75 3.47 
7.0 2.0 12.0 1.0 4.33 4.5 4.2 4.17 4.0 4.6 4.75 2.34 
7.0 1.0 13.0 1.0 5.5 6.25 6.6 3.17 6.0 6.2 5.75 3.39 
7.0 2.0 13.0 1.0 3.67 3.25 3.0 3.67 3.6 3.4 3.25 2.2 
7.0 1.0 13.0 5.0 4.0 2.75 2.6 3.67 3.6 1.4 3.25 2.99 
7.0 1.0 13.0 2.0 4.33 5.75 6.0 4.67 4.8 6.2 4.75 3.06 
7.0 1.0 13.0 1.0 4.0 4.25 4.4 3.0 4.4 5.6 5.0 2.94 
7.0 2.0 13.0 1.0 4.0 4.0 4.8 4.0 4.6 4.4 4.25 4.18 
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7.0 2.0 12.0 1.0 1.83 3.25 3.0 3.5 3.4 6.0 5.75 3.01 
7.0 2.0 12.0 5.0 4.0 4.0 4.2 3.83 2.8 4.0 4.5 4.39 
7.0 2.0 13.0 1.0 3.67 3.75 4.4 3.67 3.4 3.0 3.5 2.66 
7.0 1.0 13.0 1.0 1.0 1.0 1.0 1.0 1.0 3.4 7.0 3.69 
7.0 2.0 13.0 4.0 4.33 5.5 6.4 4.83 5.4 6.0 5.25 3.16 
7.0 1.0 14.0 1.0 4.33 4.5 5.0 5.0 4.8 6.0 6.25 3.54 
7.0 2.0 13.0 1.0 3.17 3.75 4.4 4.0 5.0 4.4 3.75 2.51 
7.0 2.0 13.0 1.0 4.0 4.25 4.6 4.5 4.6 4.6 4.5 3.25 
7.0 2.0 14.0 1.0 6.17 7.0 7.0 7.0 7.0 7.0 5.5 3.36 
7.0 1.0 13.0 1.0 4.33 4.75 4.8 4.0 4.8 5.0 5.0 2.93 
7.0 2.0 13.0 1.0 1.67 4.75 3.8 1.67 3.6 2.2 4.75 2.69 
7.0 2.0 13.0 5.0 4.17 4.75 5.0 5.0 4.2 5.0 6.0 3.59 
7.0 2.0 14.0 1.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 2.64 
7.0 2.0 13.0 1.0 2.0 4.25 4.2 3.17 3.0 4.2 4.0 2.54 
7.0 2.0 13.0 2.0 1.33 3.0 3.0 3.5 5.0 5.4 3.25 3.35 
7.0 2.0 13.0 1.0 1.17 1.75 1.8 2.0 5.0 6.0 4.25 3.66 
7.0 2.0 14.0 1.0 5.5 5.25 5.2 4.5 4.2 2.6 6.5 4.18 
7.0 1.0 14.0 1.0 4.17 4.25 4.4 4.67 4.4 4.2 5.0 2.41 
7.0 1.0 13.0 1.0 4.0 4.0 4.0 4.0 4.0 4.0 7.0 2.94 
7.0 1.0 13.0 1.0 4.0 4.5 4.6 5.17 5.8 5.0 6.25 3.52 
7.0 1.0 13.0 1.0 4.5 6.5 6.0 5.83 6.6 6.0 6.0 3.41 
7.0 1.0 14.0 1.0 2.17 2.75 2.4 2.67 7.0 6.0 4.25 3.41 
7.0 1.0 12.0 2.0 6.5 7.0 7.0 6.0 7.0 7.0 6.75 3.72 
7.0 2.0 13.0 2.0 5.0 5.0 5.0 5.33 5.8 4.0 6.25 3.28 
7.0 1.0 13.0 2.0 3.17 3.75 3.0 4.0 5.2 4.2 3.25 3.11 
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7.0 2.0 13.0 1.0 3.67 3.75 3.4 4.5 3.8 7.0 4.75 3.54 
7.0 1.0 13.0 1.0 6.67 7.0 7.0 6.0 6.6 7.0 7.0 3.75 
7.0 1.0 13.0 1.0 1.33 1.0 1.0 2.67 4.4 4.2 5.0 2.43 
7.0 1.0 13.0 1.0 2.17 2.25 2.2 1.67 2.6 2.2 2.0 1.17 
7.0 2.0 14.0 1.0 2.33 3.5 4.0 3.5 4.0 3.0 3.25 2.22 
7.0 1.0 14.0 1.0 5.83 7.0 7.0 4.17 5.8 7.0 5.5 3.39 
7.0 1.0 14.0 1.0 4.83 5.5 5.2 3.67 4.8 6.0 4.75 3.08 
7.0 2.0 13.0 1.0 7.0 1.0 1.0 2.5 5.6 4.0 4.75 3.26 
7.0 2.0 14.0 1.0 4.67 5.5 5.4 3.33 4.6 5.4 4.75 2.93 
7.0 2.0 13.0 1.0 5.5 7.0 6.4 5.17 4.6 5.8 6.0 2.73 
7.0 1.0 15.0 2.0 5.0 3.75 5.6 5.0 5.2 5.2 5.0 2.94 
7.0 2.0 13.0 1.0 1.67 2.75 2.6 2.83 3.6 3.6 2.75 1.46 
7.0 1.0 13.0 1.0 3.17 5.0 3.8 3.5 3.6 3.0 3.75 2.76 
7.0 1.0 14.0 4.0 5.0 4.5 5.8 5.17 6.4 5.0 6.0 2.51 
7.0 1.0 14.0 1.0 5.0 6.75 6.0 2.67 6.2 6.0 6.75 3.64 
7.0 1.0 14.0 1.0 3.83 4.0 5.0 4.5 4.0 3.8 5.0 3.2 
7.0 1.0 13.0 1.0 3.17 4.5 4.4 2.5 4.2 4.0 4.25 2.96 
7.0 1.0 14.0 1.0 6.83 5.75 5.4 5.83 6.2 7.0 6.25 4.19 
7.0 1.0 14.0 1.0 4.5 1.25 5.6 2.0 5.6 5.0 2.5 2.68 
7.0 2.0 13.0 4.0 4.0 4.75 4.8 4.5 5.2 4.4 4.5 3.13 
7.0 1.0 14.0 1.0 2.33 2.25 1.8 1.17 4.2 2.4 1.0 2.6 
7.0 1.0 13.0 1.0 1.0 4.0 4.0 3.83 4.0 1.0 5.0 2.9 
8.0 2.0 15.0 1.0 2.83 3.75 1.8 2.67 4.8 2.6 2.5 3.71 
8.0 2.0 14.0 1.0 4.5 1.5 1.4 1.67 4.2 5.0 4.5 2.96 
8.0 2.0 15.0 1.0 5.5 5.75 6.2 5.0 5.0 7.0 6.0 2.71 
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8.0 2.0 15.0 1.0 5.67 4.0 5.6 5.5 5.0 6.0 5.25 2.67 
8.0 1.0 15.0 5.0 5.67 7.0 5.2 5.5 6.2 6.0 7.0 3.64 
8.0 1.0 15.0 1.0 4.5 6.0 6.0 2.83 4.2 4.6 5.5 3.38 
8.0 1.0 14.0 1.0 4.33 4.5 3.6 4.33 3.0 4.0 3.75 3.84 
8.0 1.0 15.0 4.0 2.17 3.25 3.0 1.5 3.4 4.0 4.5 3.14 
8.0 1.0 15.0 1.0 4.33 2.75 3.2 2.17 2.6 4.0 1.75 2.61 
8.0 2.0 14.0 1.0 4.33 4.5 4.6 4.5 4.4 4.8 4.75 2.8 
8.0 1.0 15.0 1.0 4.0 4.0 4.0 4.0 4.0 4.0 4.5 3.06 
8.0 1.0 14.0 1.0 1.5 4.0 3.8 4.17 3.8 3.0 4.0 2.36 
8.0 1.0 14.0 1.0 3.0 4.5 4.8 4.33 4.2 5.2 4.5 2.48 
8.0 1.0 14.0 3.0 4.33 4.5 4.2 3.33 4.8 4.8 4.0 2.55 
8.0 1.0 14.0 1.0 3.83 4.0 4.2 3.33 4.4 4.0 4.75 3.51 
8.0 1.0 14.0 1.0 4.5 4.0 4.6 4.0 4.0 4.6 3.25 1.6 
8.0 2.0 14.0 2.0 4.83 4.75 4.8 4.33 4.8 4.6 4.25 1.44 
8.0 2.0 15.0 2.0 3.83 4.0 4.4 4.0 4.6 4.8 5.0 2.56 
8.0 1.0 15.0 1.0 4.5 5.25 4.8 4.0 5.0 4.8 5.25 3.36 
8.0 1.0 15.0 2.0 5.33 5.0 6.0 2.83 3.4 6.0 5.0 3.06 
8.0 1.0 15.0 1.0 4.33 5.5 5.0 5.17 3.8 4.4 5.25 3.31 
8.0 1.0 14.0 1.0 2.67 3.5 4.0 2.83 4.0 5.8 5.25 3.97 
8.0 2.0 14.0 1.0 1.17 1.0 1.4 2.67 1.6 6.6 2.5 1.31 
8.0 1.0 15.0 1.0 3.83 4.0 4.0 3.83 4.4 5.0 4.5 2.91 
8.0 1.0 14.0 2.0 4.33 4.25 4.4 4.5 4.2 7.0 5.5 3.16 
8.0 2.0 14.0 1.0 5.5 6.25 6.0 4.67 5.2 6.0 5.25 3.5 
8.0 1.0 14.0 1.0 6.33 7.0 7.0 3.83 5.8 4.0 4.75 3.61 
8.0 1.0 15.0 1.0 3.83 4.0 4.4 4.33 3.8 4.0 4.0 3.12 
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8.0 1.0 14.0 1.0 1.67 2.75 3.4 3.5 2.8 2.6 2.75 3.08 
8.0 2.0 15.0 1.0 4.17 4.75 4.6 3.33 4.2 5.0 4.25 3.52 
8.0 2.0 15.0 1.0 6.0 6.5 6.0 4.83 5.0 7.0 6.75 3.47 
8.0 1.0 15.0 1.0 6.33 6.5 6.6 6.5 5.4 7.0 6.25 3.33 
8.0 1.0 14.0 1.0 4.0 4.0 4.0 4.0 3.8 4.0 4.0 3.78 
8.0 2.0 14.0 1.0 5.5 5.0 5.0 5.5 4.4 6.2 6.0 3.69 
8.0 2.0 14.0 1.0 4.83 5.0 5.0 4.0 4.8 4.0 4.5 3.46 
8.0 1.0 15.0 1.0 4.0 4.25 3.6 4.17 3.4 4.6 4.0 2.34 
8.0 1.0 15.0 1.0 3.33 4.25 5.0 3.83 4.0 3.6 5.0 3.28 
8.0 1.0 15.0 1.0 3.5 6.5 4.8 4.17 5.0 6.0 6.5 3.84 
8.0 1.0 14.0 1.0 6.83 5.75 5.8 5.0 5.6 7.0 6.25 3.05 
8.0 1.0 14.0 1.0 5.0 2.5 3.8 3.83 4.4 1.0 6.0 4.27 
8.0 2.0 14.0 2.0 5.67 2.75 3.2 3.33 4.6 4.6 3.25 3.99 
8.0 1.0 14.0 1.0 2.83 3.75 4.6 3.83 5.2 4.0 3.0 2.61 
8.0 2.0 15.0 1.0 3.83 4.5 5.0 3.5 5.2 5.4 3.25 3.86 
8.0 2.0 15.0 1.0 2.17 2.25 2.2 1.67 4.8 2.8 3.75 2.7 
8.0 2.0 15.0 1.0 1.0 1.75 2.4 2.0 4.2 1.6 2.75 2.35 
8.0 2.0 14.0 1.0 4.17 5.25 4.4 5.5 4.2 4.0 4.5 3.94 
8.0 2.0 14.0 1.0 1.83 2.0 2.0 2.0 2.8 3.6 2.0 2.66 
8.0 2.0 15.0 1.0 3.17 2.25 2.2 3.0 3.0 7.0 4.75 3.56 
8.0 2.0 14.0 3.0 1.0 1.0 1.4 1.67 4.8 4.0 3.5 3.3 
8.0 2.0 15.0 1.0 5.0 5.0 5.0 4.83 5.0 7.0 7.0 4.16 
8.0 2.0 14.0 1.0 3.33 3.25 4.2 3.0 4.6 4.2 3.75 2.94 
8.0 2.0 13.0 1.0 3.33 3.75 3.6 3.83 4.0 5.0 3.0 2.66 
8.0 1.0 14.0 1.0 3.33 3.75 4.0 3.83 4.2 4.6 4.25 4.09 
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8.0 2.0 15.0 1.0 3.5 4.5 4.2 4.5 3.2 4.6 4.5 2.94 
8.0 2.0 14.0 1.0 3.83 5.0 5.0 3.83 4.4 5.0 4.25 2.41 
8.0 2.0 14.0 1.0 3.83 2.75 3.0 4.0 3.4 4.0 4.0 3.51 
8.0 2.0 14.0 1.0 3.67 5.0 4.0 4.0 4.6 5.0 4.25 3.93 
8.0 2.0 14.0 1.0 4.5 4.75 4.8 4.17 4.6 5.2 5.0 3.11 
8.0 2.0 14.0 1.0 5.0 4.0 1.8 5.33 6.0 4.6 4.0 4.29 
8.0 2.0 14.0 1.0 3.83 4.5 4.0 4.67 4.2 4.0 4.5 2.17 
8.0 2.0 15.0 1.0 4.5 4.5 4.0 4.0 4.0 4.0 4.75 1.61 
8.0 2.0 14.0 1.0 3.0 3.25 4.0 4.17 3.4 4.6 3.5 3.75 
8.0 2.0 14.0 1.0 2.33 2.75 2.0 2.0 2.8 2.2 2.0 4.08 
8.0 2.0 15.0 1.0 4.83 3.75 4.4 4.67 4.2 3.8 4.0 2.83 
8.0 1.0 14.0 1.0 3.33 3.0 3.4 2.83 3.0 4.0 3.25 2.94 
8.0 1.0 14.0 1.0 4.0 4.5 5.4 3.33 3.8 3.0 4.0 3.15 
8.0 2.0 14.0 2.0 3.5 5.0 5.0 5.0 4.6 4.0 4.5 2.19 
8.0 2.0 15.0 1.0 5.33 5.5 6.6 5.33 5.8 6.0 6.75 4.11 
8.0 2.0 14.0 1.0 4.0 4.5 4.0 4.0 4.4 4.0 5.0 3.95 
8.0 1.0 15.0 2.0 3.5 3.75 3.8 3.83 4.0 2.0 5.0 4.38 
8.0 2.0 15.0 2.0 3.17 4.0 5.2 4.33 4.0 4.0 4.75 3.79 
8.0 1.0 14.0 5.0 1.0 1.0 1.0 1.0 4.6 1.0 1.0 3.43 
8.0 1.0 15.0 1.0 7.0 7.0 7.0 6.0 5.8 7.0 7.0 4.34 
8.0 1.0 15.0 4.0 2.33 2.25 2.8 2.83 3.8 3.0 2.25 3.44 
8.0 2.0 14.0 1.0 5.17 1.0 1.0 3.5 4.4 4.0 3.75 2.36 
8.0 1.0 15.0 1.0 5.67 5.25 6.0 3.83 5.2 5.8 6.0 3.41 
8.0 1.0 15.0 1.0 3.83 5.0 4.4 4.5 4.4 4.0 6.0 2.93 
8.0 2.0 14.0 1.0 3.5 3.0 3.8 3.5 3.2 2.6 3.0 3.17 
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8.0 1.0 15.0 1.0 2.17 3.75 4.0 3.33 5.0 4.0 4.0 2.16 
8.0 1.0 15.0 1.0 4.5 4.5 5.4 3.33 3.8 4.4 3.25 3.74 
8.0 1.0 14.0 1.0 4.5 5.25 5.2 3.67 4.8 4.4 5.0 3.57 
8.0 1.0 14.0 1.0 1.5 3.75 4.0 4.0 3.8 2.2 3.75 2.66 
8.0 1.0 15.0 5.0 4.83 4.5 4.8 5.17 4.8 4.8 4.75 3.23 
8.0 1.0 14.0 1.0 3.5 4.5 5.0 3.17 4.6 4.2 3.5 3.56 
8.0 1.0 14.0 2.0 7.0 6.5 6.8 6.5 6.6 6.0 7.0 4.68 
8.0 1.0 15.0 1.0 7.0 6.5 6.4 6.33 6.6 7.0 5.75 4.5 
8.0 1.0 15.0 1.0 5.83 5.0 5.8 6.5 5.6 6.0 5.0 4.61 
8.0 1.0 15.0 1.0 3.67 3.25 2.0 1.5 2.2 4.2 1.0 2.82 
8.0 1.0 14.0 1.0 7.0 6.25 6.0 5.33 5.6 7.0 5.75 4.14 
8.0 1.0 15.0 1.0 4.33 4.25 5.6 6.0 4.4 4.6 5.0 4.12 
8.0 1.0 15.0 2.0 6.67 7.0 7.0 6.5 5.6 6.8 7.0 4.22 
8.0 1.0 14.0 1.0 5.17 5.5 5.8 5.17 5.4 1.6 5.25 4.25 
 
AU-S = autonomy support; CO-S = competence support; RE-S = relatedness support; AU = 
autonomy; CO = competence; RE = relatedness; IM = intrinsic motivation; PA = physical activity. 
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RAW DATA OF STUDY TWO 
grade    gender      age        race        FR-S     PA-S      TE-S       EA         NS          SE          PA 
6.0 1.0 12.0 3.0 4.6 5.0 3.5 4.5 5.0 4.0 3.39 
6.0 1.0 13.0 1.0 4.2 4.2 2.67 5.0 5.0 3.0 2.79 
6.0 2.0 12.0 1.0 3.0 3.6 2.0 3.5 5.0 3.0 3.36 
6.0 1.0 12.0 1.0 3.8 3.8 3.0 3.0 2.0 3.38 2.77 
6.0 2.0 12.0 1.0 4.4 3.0 3.67 4.5 2.5 3.63 3.68 
6.0 2.0 12.0 4.0 5.0 4.8 4.5 5.0 2.5 4.25 4.83 
6.0 1.0 13.0 1.0 2.8 3.6 2.67 3.5 2.0 3.0 2.41 
6.0 2.0 12.0 1.0 3.2 4.0 3.83 5.0 5.0 3.0 3.49 
6.0 2.0 12.0 3.0 3.6 4.4 4.33 3.0 5.0 3.88 2.49 
6.0 2.0 13.0 1.0 3.4 4.2 4.67 5.0 5.0 4.0 4.57 
6.0 2.0 12.0 5.0 3.4 4.0 4.0 5.0 5.0 4.38 2.39 
6.0 2.0 12.0 1.0 4.0 4.2 3.67 5.0 5.0 4.13 3.06 
6.0 1.0 13.0 1.0 2.6 3.2 2.83 1.5 2.0 3.13 3.15 
6.0 1.0 13.0 1.0 3.6 3.2 3.33 3.5 5.0 3.13 2.81 
6.0 1.0 12.0 1.0 3.8 3.2 1.5 2.0 5.0 3.63 3.51 
6.0 1.0 15.0 1.0 3.8 3.2 3.5 4.5 1.5 4.13 2.91 
6.0 1.0 12.0 4.0 2.6 4.0 2.33 1.5 5.0 2.5 2.48 
6.0 2.0 13.0 1.0 3.4 3.4 3.17 5.0 3.0 3.13 2.99 
6.0 2.0 12.0 1.0 3.8 3.4 2.17 5.0 5.0 3.13 3.42 
6.0 1.0 12.0 1.0 3.2 3.6 3.0 2.5 1.5 2.63 2.92 
6.0 2.0 12.0 1.0 3.0 3.8 4.17 5.0 2.5 4.13 3.06 
6.0 2.0 13.0 1.0 2.8 2.8 3.83 5.0 3.5 2.75 3.55 
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6.0 1.0 12.0 1.0 4.4 4.2 4.5 5.0 5.0 3.63 2.67 
6.0 1.0 14.0 2.0 3.0 3.0 3.83 3.0 3.0 3.13 2.16 
6.0 1.0 13.0 1.0 4.4 4.6 2.5 5.0 4.0 5.0 4.42 
6.0 1.0 12.0 1.0 4.0 4.2 3.0 5.0 5.0 3.88 3.32 
6.0 2.0 12.0 1.0 2.8 3.0 3.17 3.0 3.0 3.13 2.89 
6.0 1.0 12.0 2.0 3.2 3.2 2.67 4.0 4.0 5.0 2.99 
6.0 2.0 12.0 1.0 2.6 3.0 2.67 3.0 3.0 1.5 3.11 
6.0 1.0 12.0 1.0 3.2 3.8 3.0 5.0 5.0 2.88 4.17 
6.0 1.0 12.0 1.0 2.2 3.2 2.67 3.0 5.0 3.0 2.5 
6.0 1.0 13.0 1.0 3.4 1.8 4.0 3.0 5.0 3.88 3.27 
6.0 1.0 12.0 1.0 5.0 5.0 5.0 5.0 3.5 5.0 4.48 
6.0 1.0 13.0 1.0 4.2 4.4 3.0 1.5 4.0 3.38 2.96 
6.0 2.0 12.0 1.0 2.8 3.0 3.0 3.0 3.0 2.5 2.72 
6.0 2.0 12.0 1.0 3.6 3.2 4.83 5.0 5.0 4.38 3.74 
6.0 2.0 13.0 2.0 4.0 2.6 3.17 5.0 4.5 3.5 2.69 
6.0 2.0 12.0 1.0 4.2 4.0 3.83 3.0 5.0 3.25 3.05 
6.0 1.0 13.0 1.0 2.6 3.0 3.33 2.0 3.0 3.5 2.83 
6.0 2.0 12.0 1.0 3.4 3.4 3.5 5.0 5.0 4.0 3.51 
6.0 1.0 13.0 1.0 3.6 3.4 3.17 3.5 2.5 3.0 3.25 
6.0 1.0 12.0 1.0 3.0 3.0 4.0 4.0 3.0 4.0 3.15 
6.0 2.0 12.0 1.0 2.6 3.6 2.0 2.0 5.0 3.13 2.21 
6.0 2.0 12.0 5.0 3.4 3.4 3.83 3.5 3.0 3.0 3.31 
6.0 2.0 13.0 1.0 3.6 3.2 3.33 3.0 2.5 2.38 2.75 
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6.0 1.0 12.0 1.0 3.0 3.2 3.17 5.0 3.5 3.13 2.47 
6.0 1.0 12.0 1.0 3.4 3.8 2.83 4.5 4.5 3.13 2.49 
6.0 2.0 13.0 1.0 2.8 1.8 3.5 3.5 3.5 3.0 2.09 
6.0 1.0 12.0 4.0 2.6 3.0 3.0 3.5 3.0 3.13 3.16 
6.0 2.0 13.0 1.0 4.6 4.4 4.83 3.5 4.5 5.0 4.37 
6.0 2.0 12.0 1.0 4.8 4.4 4.83 5.0 5.0 4.25 3.32 
6.0 2.0 12.0 1.0 3.4 2.8 3.5 3.5 4.5 3.38 3.16 
6.0 2.0 14.0 5.0 4.0 4.4 3.33 3.0 5.0 4.38 3.69 
6.0 1.0 12.0 1.0 3.4 3.4 3.0 5.0 5.0 4.63 3.28 
6.0 1.0 13.0 2.0 3.4 5.0 5.0 5.0 5.0 5.0 3.97 
6.0 2.0 13.0 3.0 3.8 3.6 3.67 5.0 5.0 3.88 3.89 
6.0 2.0 12.0 1.0 4.4 4.4 4.5 4.5 5.0 4.63 3.99 
6.0 2.0 12.0 1.0 4.0 4.0 4.17 5.0 5.0 5.0 4.0 
6.0 1.0 12.0 2.0 3.4 3.2 3.5 3.5 3.5 4.13 4.42 
6.0 1.0 13.0 1.0 3.6 4.6 2.83 4.0 5.0 5.0 4.3 
6.0 1.0 12.0 1.0 3.8 4.8 3.33 5.0 5.0 4.13 4.14 
6.0 2.0 12.0 1.0 4.0 3.2 3.33 3.0 3.0 3.38 2.86 
6.0 2.0 12.0 1.0 3.6 3.8 3.5 4.0 3.0 3.0 2.96 
6.0 1.0 14.0 1.0 3.2 3.6 2.83 1.5 3.0 3.0 2.39 
6.0 1.0 15.0 1.0 4.0 3.8 3.83 3.0 2.0 4.5 3.52 
6.0 2.0 13.0 1.0 3.6 3.6 3.83 5.0 5.0 4.88 3.98 
6.0 1.0 12.0 1.0 2.8 3.4 2.33 2.5 5.0 3.5 3.41 
6.0 1.0 13.0 1.0 2.6 1.8 3.0 1.5 3.5 3.5 3.68 
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6.0 2.0 13.0 1.0 4.2 3.8 3.67 3.5 3.5 3.38 3.56 
6.0 2.0 12.0 1.0 5.0 5.0 2.0 5.0 5.0 4.5 3.66 
6.0 2.0 12.0 1.0 3.6 4.6 4.67 5.0 2.0 4.5 4.36 
6.0 2.0 13.0 1.0 3.6 4.0 3.33 5.0 5.0 2.88 3.12 
6.0 2.0 12.0 1.0 2.8 4.0 2.33 2.5 1.0 2.63 2.95 
6.0 1.0 13.0 3.0 4.6 4.2 3.0 5.0 5.0 4.25 3.29 
6.0 1.0 12.0 1.0 3.8 3.6 4.0 1.5 2.0 2.75 3.26 
6.0 2.0 12.0 2.0 3.4 3.6 3.0 4.0 3.5 3.63 4.19 
6.0 1.0 12.0 1.0 3.8 3.2 3.83 5.0 5.0 4.5 3.26 
6.0 2.0 12.0 5.0 4.0 4.2 4.17 4.5 5.0 4.0 2.13 
6.0 2.0 12.0 1.0 4.4 5.0 4.17 2.5 2.5 3.13 3.1 
6.0 1.0 12.0 1.0 4.0 3.8 2.83 4.0 3.5 3.13 3.02 
6.0 2.0 12.0 1.0 3.4 3.0 3.67 3.5 3.0 3.13 2.53 
6.0 1.0 12.0 2.0 2.6 4.2 1.67 4.0 4.0 2.5 2.39 
6.0 1.0 12.0 1.0 5.0 5.0 1.83 5.0 5.0 4.63 4.51 
6.0 2.0 12.0 3.0 4.6 4.6 3.83 5.0 1.0 3.88 2.76 
6.0 2.0 12.0 1.0 3.8 4.4 2.67 3.0 3.0 3.0 2.18 
6.0 2.0 12.0 1.0 3.4 3.6 3.0 4.0 5.0 3.13 2.91 
6.0 1.0 12.0 1.0 2.8 4.2 2.33 2.5 3.0 1.88 2.41 
6.0 2.0 12.0 5.0 4.2 4.2 3.0 3.0 4.0 4.25 2.64 
6.0 2.0 12.0 1.0 5.0 4.6 4.5 5.0 2.5 4.38 4.21 
6.0 1.0 12.0 1.0 4.6 3.0 3.67 4.5 4.5 4.75 3.48 
6.0 2.0 12.0 1.0 3.8 4.4 2.83 5.0 5.0 3.38 2.66 
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6.0 2.0 12.0 1.0 4.6 4.4 4.83 5.0 5.0 5.0 4.61 
6.0 2.0 12.0 1.0 3.0 2.2 2.67 3.0 5.0 3.63 3.93 
6.0 2.0 12.0 1.0 2.6 2.0 3.17 3.0 4.0 3.88 3.01 
6.0 2.0 12.0 2.0 4.0 5.0 4.0 5.0 5.0 4.63 4.03 
7.0 1.0 13.0 1.0 3.6 4.4 4.67 4.5 2.5 4.13 3.86 
7.0 1.0 13.0 1.0 3.4 4.2 3.0 3.0 3.0 3.0 3.16 
7.0 1.0 14.0 1.0 3.2 3.6 2.83 3.0 3.0 4.0 3.21 
7.0 1.0 14.0 5.0 4.0 3.8 4.0 4.0 3.5 3.38 3.51 
7.0 2.0 13.0 1.0 4.4 4.0 4.0 4.5 3.5 3.88 4.91 
7.0 1.0 13.0 1.0 3.2 2.2 3.0 3.0 3.5 3.75 3.83 
7.0 1.0 13.0 1.0 3.2 2.2 2.17 3.5 3.5 3.38 3.36 
7.0 2.0 13.0 1.0 2.6 2.6 2.5 3.0 3.0 2.88 2.78 
7.0 2.0 13.0 1.0 3.6 4.2 3.67 4.5 4.0 3.5 2.67 
7.0 2.0 14.0 1.0 2.8 4.0 3.0 5.0 5.0 4.0 2.88 
7.0 2.0 14.0 1.0 3.2 3.8 2.0 4.0 2.0 3.5 2.91 
7.0 2.0 14.0 1.0 4.0 4.2 4.17 3.0 5.0 4.38 2.69 
7.0 1.0 14.0 1.0 3.2 4.0 2.67 5.0 5.0 2.88 3.27 
7.0 2.0 13.0 1.0 3.0 3.8 3.0 3.0 3.5 3.13 3.15 
7.0 1.0 13.0 1.0 1.8 2.8 1.33 3.0 3.0 3.0 1.6 
7.0 2.0 13.0 1.0 3.6 4.8 4.33 3.5 3.0 3.0 3.15 
7.0 1.0 13.0 1.0 1.2 1.0 1.33 4.0 1.0 1.25 1.14 
7.0 1.0 13.0 1.0 3.2 3.8 3.33 3.5 4.5 3.38 2.52 
7.0 2.0 14.0 1.0 3.8 3.8 3.0 3.5 3.0 2.88 3.14 
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7.0 1.0 13.0 1.0 2.4 2.6 2.5 4.0 4.5 4.13 3.11 
7.0 1.0 13.0 1.0 2.8 3.2 4.33 5.0 5.0 4.88 4.01 
7.0 2.0 13.0 1.0 4.2 4.2 3.5 4.5 4.5 4.5 3.09 
7.0 2.0 14.0 1.0 4.2 4.2 4.0 5.0 5.0 5.0 3.9 
7.0 2.0 13.0 1.0 3.4 4.4 4.0 4.0 5.0 3.0 3.66 
7.0 2.0 13.0 1.0 3.4 3.6 4.0 4.0 5.0 4.0 3.99 
7.0 2.0 13.0 1.0 4.2 4.2 3.33 5.0 5.0 4.63 4.01 
7.0 1.0 13.0 1.0 3.4 3.4 2.33 4.0 4.5 2.75 2.82 
7.0 1.0 13.0 2.0 4.2 5.0 1.0 5.0 3.0 5.0 3.34 
7.0 2.0 13.0 1.0 3.4 3.6 4.17 5.0 5.0 4.75 2.85 
7.0 2.0 13.0 1.0 3.0 3.6 2.5 3.0 5.0 4.0 2.79 
7.0 1.0 13.0 2.0 3.2 2.8 3.0 3.0 4.0 3.5 3.98 
7.0 1.0 14.0 2.0 3.8 3.6 3.5 3.0 3.0 3.0 4.33 
7.0 2.0 13.0 1.0 5.0 4.4 3.67 3.5 5.0 5.0 3.65 
7.0 2.0 13.0 1.0 3.8 4.4 3.67 4.5 5.0 4.25 3.32 
7.0 2.0 13.0 1.0 3.8 4.4 4.33 5.0 4.0 3.5 3.84 
7.0 2.0 13.0 1.0 3.6 4.0 3.5 3.5 4.5 3.5 3.02 
7.0 1.0 14.0 1.0 2.6 2.6 2.0 2.5 3.0 1.88 2.31 
7.0 2.0 14.0 1.0 3.4 4.4 2.17 3.0 5.0 3.63 3.22 
7.0 1.0 14.0 1.0 4.0 4.2 2.5 4.0 5.0 3.25 3.01 
7.0 2.0 14.0 1.0 4.0 5.0 3.0 5.0 3.0 5.0 4.22 
7.0 2.0 14.0 1.0 3.6 3.4 4.67 3.0 3.0 5.0 3.21 
7.0 2.0 13.0 1.0 3.0 3.2 3.17 3.0 5.0 3.25 2.33 
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7.0 2.0 14.0 1.0 4.0 4.6 4.0 4.5 4.5 4.75 3.52 
7.0 1.0 13.0 1.0 4.6 3.2 3.5 3.0 5.0 4.88 4.14 
7.0 1.0 12.0 1.0 4.2 5.0 3.33 4.0 5.0 4.0 3.47 
7.0 2.0 12.0 1.0 2.4 2.4 3.17 3.5 3.0 3.63 2.34 
7.0 1.0 13.0 1.0 4.4 4.2 4.33 5.0 4.5 4.25 3.39 
7.0 2.0 13.0 1.0 3.0 1.8 3.0 4.0 4.0 2.5 2.2 
7.0 1.0 13.0 2.0 3.8 2.8 2.5 5.0 3.0 3.38 3.06 
7.0 1.0 13.0 1.0 3.6 4.2 2.5 1.0 3.0 4.0 2.94 
7.0 2.0 13.0 1.0 3.2 5.0 3.0 3.0 5.0 3.25 4.18 
7.0 2.0 12.0 1.0 4.4 3.8 3.17 4.5 4.5 4.25 3.01 
7.0 2.0 12.0 5.0 4.4 3.8 3.0 3.0 3.0 3.0 4.39 
7.0 2.0 13.0 1.0 3.0 3.8 3.67 5.0 5.0 3.5 2.66 
7.0 1.0 13.0 1.0 3.4 1.4 2.33 4.5 5.0 2.5 3.69 
7.0 2.0 13.0 4.0 3.4 3.0 3.83 4.0 2.0 4.5 3.16 
7.0 1.0 14.0 1.0 3.6 3.0 3.5 5.0 5.0 3.38 3.54 
7.0 2.0 13.0 1.0 3.4 3.6 2.83 3.0 3.0 2.88 2.51 
7.0 2.0 13.0 1.0 3.0 3.8 3.0 3.5 4.0 3.5 3.25 
7.0 2.0 14.0 1.0 3.2 3.8 4.17 3.0 5.0 4.75 3.36 
7.0 1.0 13.0 1.0 3.4 3.4 3.33 4.5 3.5 3.5 2.93 
7.0 2.0 13.0 1.0 3.4 3.8 2.0 5.0 3.5 3.63 2.69 
7.0 2.0 13.0 5.0 4.6 5.0 4.33 4.0 4.5 5.0 3.59 
7.0 2.0 14.0 1.0 2.2 2.4 4.17 3.5 5.0 3.0 2.64 
7.0 2.0 13.0 1.0 3.6 3.8 3.17 3.5 4.0 3.75 2.54 
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7.0 2.0 13.0 2.0 3.6 5.0 1.33 4.5 5.0 3.5 3.35 
7.0 2.0 13.0 1.0 3.0 3.6 1.0 3.5 5.0 3.88 3.66 
7.0 2.0 14.0 1.0 3.2 3.4 3.5 4.5 5.0 4.88 4.18 
7.0 1.0 14.0 1.0 3.4 3.0 3.33 3.0 3.5 3.25 2.41 
7.0 1.0 13.0 1.0 3.8 4.6 3.0 4.0 3.0 4.0 2.94 
7.0 1.0 13.0 1.0 3.6 4.0 3.33 4.5 5.0 4.75 3.52 
7.0 1.0 13.0 1.0 3.8 4.8 3.33 4.5 5.0 4.5 3.41 
7.0 1.0 14.0 1.0 4.2 5.0 1.33 3.0 5.0 5.0 3.41 
7.0 1.0 12.0 2.0 3.8 3.2 4.83 4.5 3.0 4.13 3.72 
7.0 2.0 13.0 2.0 2.4 3.2 3.83 4.5 1.5 4.0 3.28 
7.0 1.0 13.0 2.0 3.0 4.2 3.17 4.5 5.0 3.75 3.11 
7.0 2.0 13.0 1.0 3.4 4.0 3.67 4.0 3.5 3.13 3.54 
7.0 1.0 13.0 1.0 3.8 4.6 4.0 3.0 5.0 3.88 3.75 
7.0 1.0 13.0 1.0 3.0 3.4 1.0 3.5 3.0 4.25 2.43 
7.0 1.0 13.0 1.0 1.8 1.0 2.5 1.0 4.0 2.0 1.17 
7.0 2.0 14.0 1.0 2.4 2.6 1.83 4.5 4.0 2.63 2.22 
7.0 1.0 14.0 1.0 3.6 3.4 3.0 5.0 5.0 4.5 3.39 
7.0 1.0 14.0 1.0 3.4 3.6 2.67 4.0 4.0 3.63 3.08 
7.0 2.0 13.0 1.0 3.6 4.0 1.17 3.0 5.0 3.88 3.26 
7.0 2.0 14.0 1.0 4.0 3.8 4.0 4.5 4.5 2.75 2.93 
7.0 2.0 13.0 1.0 2.0 3.4 4.33 1.5 5.0 3.13 2.73 
7.0 1.0 15.0 2.0 4.0 4.0 3.17 3.0 4.0 4.25 2.94 
7.0 2.0 13.0 1.0 2.2 2.6 1.33 4.5 5.0 2.63 1.46 
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7.0 1.0 13.0 1.0 2.0 3.2 3.17 3.0 1.0 3.13 2.76 
7.0 1.0 14.0 4.0 4.2 3.4 3.83 4.5 2.5 3.5 2.51 
7.0 1.0 14.0 1.0 4.4 3.8 3.67 4.5 2.5 4.0 3.64 
7.0 1.0 14.0 1.0 2.8 2.6 3.33 4.5 3.0 3.38 3.2 
7.0 1.0 13.0 1.0 3.0 3.0 3.0 2.5 4.0 3.0 2.96 
7.0 1.0 14.0 1.0 4.4 5.0 5.0 5.0 5.0 5.0 4.19 
7.0 1.0 14.0 1.0 2.8 3.4 3.0 1.0 3.0 3.25 2.68 
7.0 2.0 13.0 4.0 3.2 2.4 3.67 4.0 4.0 3.63 3.13 
7.0 1.0 14.0 1.0 2.4 3.2 1.5 3.0 5.0 3.0 2.6 
7.0 1.0 13.0 1.0 3.2 3.0 1.33 5.0 5.0 2.88 2.9 
8.0 2.0 15.0 1.0 3.0 3.6 2.0 5.0 5.0 3.13 3.71 
8.0 2.0 14.0 1.0 3.8 3.6 3.17 3.5 3.5 3.63 2.96 
8.0 2.0 15.0 1.0 4.2 3.4 4.67 4.5 5.0 4.5 2.71 
8.0 2.0 15.0 1.0 3.8 3.6 3.0 1.5 5.0 4.63 2.67 
8.0 1.0 15.0 5.0 4.6 4.6 4.33 3.5 5.0 4.63 3.64 
8.0 1.0 15.0 1.0 3.4 3.2 4.17 4.0 3.5 5.0 3.38 
8.0 1.0 14.0 1.0 3.0 3.0 3.67 3.5 3.0 3.5 3.84 
8.0 1.0 15.0 4.0 3.0 3.8 3.0 3.0 3.0 3.13 3.14 
8.0 1.0 15.0 1.0 3.0 3.0 3.5 3.5 3.5 3.0 2.61 
8.0 2.0 14.0 1.0 3.8 2.4 3.5 3.5 3.5 3.5 2.8 
8.0 1.0 15.0 1.0 2.6 3.0 3.0 3.5 5.0 4.63 3.06 
8.0 1.0 14.0 1.0 3.0 3.0 2.83 4.0 4.0 3.13 2.36 
8.0 1.0 14.0 1.0 3.6 2.8 3.0 3.0 4.0 3.13 2.48 
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8.0 1.0 14.0 3.0 2.2 3.8 3.33 4.5 5.0 3.0 2.55 
8.0 1.0 14.0 1.0 3.4 3.0 2.5 4.5 4.5 3.63 3.51 
8.0 1.0 14.0 1.0 1.8 1.8 3.0 4.0 3.5 1.63 1.6 
8.0 2.0 14.0 2.0 3.8 3.4 4.33 3.5 3.5 3.75 1.44 
8.0 2.0 15.0 2.0 3.0 4.0 2.83 5.0 5.0 3.0 2.56 
8.0 1.0 15.0 1.0 3.2 1.8 4.17 4.0 5.0 4.0 3.36 
8.0 1.0 15.0 2.0 4.0 2.8 4.17 4.5 3.0 4.0 3.06 
8.0 1.0 15.0 1.0 3.6 3.2 3.33 4.0 3.5 3.88 3.31 
8.0 1.0 14.0 1.0 3.6 3.4 3.5 4.5 5.0 4.38 3.97 
8.0 2.0 14.0 1.0 3.6 2.8 1.83 1.0 5.0 3.13 1.31 
8.0 1.0 15.0 1.0 3.8 3.0 3.33 4.0 4.0 3.0 2.91 
8.0 1.0 14.0 2.0 3.6 3.8 2.83 4.5 5.0 3.0 3.16 
8.0 2.0 14.0 1.0 3.6 3.4 3.5 4.5 5.0 4.13 3.5 
8.0 1.0 14.0 1.0 4.8 4.6 4.0 5.0 5.0 4.88 3.61 
8.0 1.0 15.0 1.0 3.8 2.8 3.17 4.5 4.5 3.25 3.12 
8.0 1.0 14.0 1.0 2.8 3.6 2.17 4.0 2.5 3.75 3.08 
8.0 2.0 15.0 1.0 3.2 2.6 3.33 4.0 4.5 3.75 3.52 
8.0 2.0 15.0 1.0 4.0 4.4 4.17 4.0 5.0 4.0 3.47 
8.0 1.0 15.0 1.0 3.6 3.6 4.5 4.5 5.0 4.38 3.33 
8.0 1.0 14.0 1.0 3.8 3.8 3.0 3.0 3.5 3.25 3.78 
8.0 2.0 14.0 1.0 3.8 4.2 2.67 5.0 5.0 4.75 3.69 
8.0 2.0 14.0 1.0 3.0 3.0 3.67 3.5 4.5 3.5 3.46 
8.0 1.0 15.0 1.0 2.8 1.4 3.17 2.5 5.0 3.0 2.34 
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8.0 1.0 15.0 1.0 3.6 3.6 3.0 3.0 5.0 3.13 3.28 
8.0 1.0 15.0 1.0 4.0 4.0 3.67 2.5 5.0 4.38 3.84 
8.0 1.0 14.0 1.0 4.8 4.4 3.67 5.0 5.0 3.5 3.05 
8.0 1.0 14.0 1.0 3.6 4.2 1.5 3.0 3.0 3.25 4.27 
8.0 2.0 14.0 2.0 3.2 3.2 4.17 3.5 5.0 3.75 3.99 
8.0 1.0 14.0 1.0 2.2 3.2 2.83 3.0 4.0 3.0 2.61 
8.0 2.0 15.0 1.0 3.8 4.6 3.0 5.0 5.0 4.75 3.86 
8.0 2.0 15.0 1.0 3.4 2.6 1.5 3.0 4.5 4.0 2.7 
8.0 2.0 15.0 1.0 2.6 1.4 1.67 3.5 4.0 3.38 2.35 
8.0 2.0 14.0 1.0 3.2 4.2 3.67 4.5 5.0 3.5 3.94 
8.0 2.0 14.0 1.0 3.2 3.2 1.83 4.0 3.0 4.0 2.66 
8.0 2.0 15.0 1.0 3.4 4.0 4.0 4.0 4.5 3.13 3.56 
8.0 2.0 14.0 3.0 4.0 3.6 1.17 5.0 5.0 3.5 3.3 
8.0 2.0 15.0 1.0 4.0 4.0 3.5 4.0 4.0 4.75 4.16 
8.0 2.0 14.0 1.0 3.6 3.4 3.5 4.5 4.0 3.38 2.94 
8.0 2.0 13.0 1.0 3.0 1.0 3.0 2.0 1.5 3.0 2.66 
8.0 1.0 14.0 1.0 3.8 3.0 3.17 4.5 4.5 4.0 4.09 
8.0 2.0 15.0 1.0 3.8 4.0 2.83 4.0 4.0 3.63 2.94 
8.0 2.0 14.0 1.0 3.2 3.4 3.67 4.0 4.5 3.13 2.41 
8.0 2.0 14.0 1.0 2.4 2.6 2.5 3.0 4.0 3.5 3.51 
8.0 2.0 14.0 1.0 3.4 3.0 3.83 4.5 5.0 4.5 3.93 
8.0 2.0 14.0 1.0 3.2 3.2 2.67 5.0 4.5 4.25 3.11 
8.0 2.0 14.0 1.0 4.2 4.0 3.0 5.0 3.0 5.0 4.29 
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8.0 2.0 14.0 1.0 2.8 2.6 3.0 1.0 5.0 2.5 2.17 
8.0 2.0 15.0 1.0 2.6 3.0 3.0 3.5 4.0 3.0 1.61 
8.0 2.0 14.0 1.0 3.4 2.8 2.67 4.5 4.0 3.38 3.75 
8.0 2.0 14.0 1.0 4.2 4.6 3.0 5.0 5.0 4.5 4.08 
8.0 2.0 15.0 1.0 3.4 4.6 3.0 4.5 4.0 3.63 2.83 
8.0 1.0 14.0 1.0 2.4 2.4 3.0 3.0 3.5 2.88 2.94 
8.0 1.0 14.0 1.0 3.2 3.2 3.0 3.0 3.0 3.25 3.15 
8.0 2.0 14.0 2.0 3.0 2.0 3.67 5.0 2.5 3.75 2.19 
8.0 2.0 15.0 1.0 4.6 4.2 4.17 5.0 5.0 4.88 4.11 
8.0 2.0 14.0 1.0 3.6 3.0 3.33 3.5 5.0 4.38 3.95 
8.0 1.0 15.0 2.0 3.0 4.0 2.67 4.5 2.0 3.13 4.38 
8.0 2.0 15.0 2.0 3.2 1.8 2.5 4.0 5.0 3.13 3.79 
8.0 1.0 14.0 5.0 4.2 2.6 3.0 5.0 3.0 3.0 3.43 
8.0 1.0 15.0 1.0 5.0 5.0 5.0 5.0 5.0 5.0 4.34 
8.0 1.0 15.0 4.0 1.8 3.0 2.83 5.0 4.5 3.75 3.44 
8.0 2.0 14.0 1.0 2.6 2.4 2.83 2.5 3.0 3.5 2.36 
8.0 1.0 15.0 1.0 3.8 3.8 4.5 4.5 4.5 4.13 3.41 
8.0 1.0 15.0 1.0 3.6 3.6 3.5 4.0 5.0 4.5 2.93 
8.0 2.0 14.0 1.0 3.2 3.0 2.5 4.5 2.5 2.75 3.17 
8.0 1.0 15.0 1.0 2.2 1.0 3.0 3.0 4.5 2.38 2.16 
8.0 1.0 15.0 1.0 3.8 4.6 3.33 3.5 5.0 4.5 3.74 
8.0 1.0 14.0 1.0 3.2 3.0 3.5 4.0 4.5 3.88 3.57 
8.0 1.0 14.0 1.0 3.0 3.0 3.0 3.0 3.0 2.5 2.66 
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8.0 1.0 15.0 5.0 3.2 3.4 3.67 3.5 3.0 4.0 3.23 
8.0 1.0 14.0 1.0 3.2 2.8 4.0 5.0 5.0 3.75 3.56 
8.0 1.0 14.0 2.0 4.6 5.0 5.0 5.0 4.5 4.5 4.68 
8.0 1.0 15.0 1.0 4.8 4.6 5.0 5.0 5.0 4.63 4.5 
8.0 1.0 15.0 1.0 3.6 3.2 3.33 2.5 3.5 4.5 4.61 
8.0 1.0 15.0 1.0 3.4 3.4 3.0 3.0 4.0 3.13 2.82 
8.0 1.0 14.0 1.0 2.8 4.6 5.0 5.0 3.0 4.5 4.14 
8.0 1.0 15.0 1.0 3.2 4.0 5.0 3.5 3.0 3.0 4.12 
8.0 1.0 15.0 2.0 4.2 4.8 4.5 5.0 2.0 4.5 4.22 
8.0 1.0 14.0 1.0 4.0 3.2 3.5 4.0 3.0 3.88 4.25 
 
FR-S = friends’ support; PA-S = parents’ support; TE-S = teachers’ support; EA = equipment 
accessibility; NS = neighborhood safety; SE = self-efficacy; PA = physical activity. 
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RAW DATA OF STUDY THREE 
grade    gender     race        SDI         NS        TE-S     PA-S       FR-S       SH-E      HO-E    NE-E       PA    in-class PA 
6.0 2.0 1.0 10.0 6.27 6.46 5.0 4.2 3.75 11.0 14.0 3.11 6874.0 
6.0 2.0 1.0 4.5 6.43 6.24 4.4 4.4 3.58 10.0 12.0 3.58 5113.0 
6.0 2.0 1.0 9.0 5.17 5.69 2.8 3.0 4.0 5.0 11.0 3.11 6270.0 
6.0 2.0 1.0 7.0 6.46 6.83 4.2 3.8 3.5 10.0 13.0 3.56 4466.0 
6.0 2.0 1.0 2.25 5.31 4.71 3.4 3.2 3.58 15.0 12.0 3.09 2633.0 
6.0 2.0 4.0 9.75 5.71 4.73 4.6 4.6 3.5 9.0 12.0 4.38 6766.0 
6.0 2.0 1.0 7.0 5.78 6.45 4.0 3.8 3.42 9.0 11.0 3.53 6829.0 
6.0 2.0 1.0 3.5 4.78 4.52 2.6 3.6 4.0 10.0 13.0 2.83 7055.0 
6.0 2.0 1.0 -1.5 5.14 5.51 4.2 2.2 2.92 8.0 12.0 2.6 4867.0 
6.0 2.0 1.0 3.75 5.96 6.11 4.2 4.8 3.92 9.0 13.0 2.71 3080.0 
6.0 2.0 1.0 4.5 5.09 4.5 4.4 4.2 3.42 12.0 13.0 3.86 6828.0 
6.0 2.0 3.0 17.0 4.12 5.14 2.4 3.6 3.83 8.0 13.0 3.12 6066.0 
6.0 2.0 1.0 -0.25 4.64 3.94 3.8 3.4 3.83 11.0 13.0 3.25 4472.0 
6.0 2.0 1.0 2.75 5.22 5.81 4.6 4.0 3.83 10.0 12.0 3.44 6689.0 
6.0 2.0 1.0 6.75 4.97 5.02 3.8 3.0 4.0 8.0 13.0 3.93 5727.0 
6.0 2.0 1.0 -1.25 5.17 4.14 3.4 4.2 4.0 13.0 12.0 4.28 1332.0 
6.0 2.0 1.0 7.75 5.5 4.06 3.8 3.4 3.58 11.0 13.0 4.31 6524.0 
6.0 2.0 1.0 1.75 5.84 5.63 4.4 4.0 4.0 10.0 15.0 3.65 1483.0 
6.0 2.0 1.0 3.0 5.39 5.62 3.8 3.2 3.92 9.0 11.0 3.19 6489.0 
6.0 2.0 1.0 -3.0 5.19 5.07 3.2 2.4 3.0 6.0 13.0 3.49 6634.0 
6.0 2.0 1.0 6.0 6.39 6.61 3.4 3.6 3.83 9.0 14.0 2.91 6699.0 
6.0 2.0 1.0 3.75 6.02 6.07 3.2 2.8 3.92 6.0 9.0 2.66 6361.0 
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6.0 2.0 1.0 13.0 6.61 6.28 4.8 4.0 3.83 9.0 12.0 4.0 4364.0 
6.0 2.0 1.0 7.75 6.22 5.94 4.6 3.6 4.0 6.0 13.0 3.38 6674.0 
6.0 2.0 1.0 5.25 5.17 5.14 4.6 4.6 3.83 13.0 14.0 4.29 6675.0 
6.0 2.0 1.0 -4.75 4.94 3.64 4.4 4.0 3.25 8.0 13.0 4.15 7144.0 
6.0 2.0 1.0 7.25 6.12 6.06 4.0 3.8 3.92 10.0 10.0 3.49 873.0 
6.0 2.0 1.0 -4.75 4.79 4.94 3.0 2.2 3.92 8.0 12.0 3.01 6558.0 
6.0 2.0 1.0 6.75 5.87 5.64 4.4 3.8 3.92 8.0 11.0 3.16 6329.0 
6.0 2.0 4.0 7.75 5.87 6.07 3.4 3.4 3.42 7.0 12.0 2.99 6004.0 
6.0 2.0 1.0 -8.5 2.2 2.42 3.4 2.8 3.08 7.0 11.0 2.16 6750.0 
6.0 2.0 1.0 -5.0 3.8 5.71 3.0 2.8 2.83 8.0 9.0 1.6 935.0 
6.0 2.0 1.0 1.75 6.08 6.23 3.8 3.8 3.83 8.0 11.0 3.56 6236.0 
6.0 2.0 1.0 4.5 4.46 4.43 3.4 3.2 3.42 9.0 12.0 2.85 5878.0 
6.0 2.0 1.0 -1.75 4.36 4.13 2.6 2.6 2.92 8.0 12.0 2.57 4816.0 
6.0 2.0 1.0 2.0 6.03 5.66 3.8 3.2 3.92 13.0 12.0 2.56 3508.0 
6.0 1.0 1.0 1.25 6.29 6.69 3.6 4.4 4.0 10.0 14.0 3.56 7074.0 
6.0 1.0 1.0 0.5 4.54 4.38 4.4 3.4 2.17 8.0 11.0 3.4 6862.0 
6.0 1.0 1.0 6.0 5.58 5.38 2.4 2.8 3.83 5.0 13.0 3.09 6256.0 
6.0 1.0 1.0 2.25 6.3 5.86 4.6 4.4 3.5 8.0 12.0 4.36 6855.0 
6.0 1.0 1.0 12.0 5.66 6.22 3.2 3.4 3.67 8.0 13.0 2.95 6573.0 
6.0 1.0 3.0 -2.75 3.78 3.79 3.4 2.4 2.67 2.0 6.0 2.03 7663.0 
6.0 1.0 1.0 -3.25 3.91 4.31 2.8 2.2 3.17 7.0 12.0 2.96 6367.0 
6.0 1.0 1.0 -1.25 3.91 5.13 3.0 1.6 4.0 8.0 12.0 2.98 6362.0 
6.0 1.0 1.0 3.25 4.7 4.87 3.0 2.8 3.08 10.0 11.0 3.43 7043.0 
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6.0 1.0 5.0 -8.0 4.83 5.17 4.8 2.0 3.25 6.0 11.0 3.78 7212.0 
6.0 1.0 1.0 -1.25 5.54 5.76 3.8 2.6 3.75 7.0 13.0 3.09 4997.0 
6.0 1.0 3.0 7.5 5.44 5.02 4.8 3.8 3.08 14.0 7.0 3.45 7408.0 
6.0 1.0 1.0 -17.25 2.47 2.54 3.2 1.2 3.42 6.0 12.0 1.74 3313.0 
6.0 1.0 1.0 9.25 6.16 6.26 2.4 3.0 3.75 6.0 12.0 2.96 1393.0 
6.0 1.0 1.0 -5.0 5.89 6.02 4.8 3.4 3.92 14.0 11.0 3.48 6801.0 
6.0 1.0 1.0 7.75 5.96 5.23 5.0 4.8 3.67 10.0 14.0 4.46 5051.0 
6.0 1.0 1.0 6.25 5.68 5.28 3.4 4.0 3.75 12.0 14.0 3.14 6723.0 
6.0 1.0 4.0 -4.75 4.77 4.92 2.0 3.6 2.58 7.0 11.0 2.36 6032.0 
6.0 1.0 3.0 4.5 4.56 4.46 3.0 2.0 3.58 11.0 14.0 2.77 1412.0 
6.0 1.0 1.0 8.5 5.37 6.32 3.8 3.8 3.83 7.0 7.0 3.99 6363.0 
6.0 1.0 1.0 2.5 5.89 6.47 4.4 3.6 3.58 11.0 10.0 3.96 6932.0 
6.0 1.0 1.0 8.25 5.66 6.23 3.6 3.6 3.67 10.0 12.0 3.99 7143.0 
6.0 1.0 1.0 -8.5 4.46 4.58 2.8 3.0 3.83 10.0 10.0 4.25 6770.0 
6.0 1.0 1.0 5.0 6.2 6.82 4.2 3.6 3.67 9.0 13.0 2.97 5003.0 
6.0 1.0 1.0 -2.0 5.66 5.7 4.0 3.4 3.75 7.0 11.0 3.01 841.0 
6.0 1.0 1.0 0.5 5.83 3.54 4.6 3.8 2.83 12.0 12.0 3.91 7711.0 
6.0 1.0 1.0 10.0 4.81 4.83 2.8 2.6 2.67 10.0 10.0 3.68 7324.0 
6.0 1.0 1.0 10.5 6.0 6.49 4.8 2.8 3.42 7.0 11.0 3.22 6182.0 
6.0 1.0 1.0 2.25 6.32 6.37 3.2 2.8 3.75 12.0 9.0 2.71 7105.0 
6.0 1.0 2.0 3.0 5.21 4.66 3.6 4.2 2.75 8.0 14.0 3.71 7481.0 
6.0 1.0 1.0 11.75 6.13 6.32 5.0 4.0 3.92 11.0 12.0 3.58 7589.0 
6.0 1.0 4.0 0.75 6.19 6.18 3.8 4.8 4.0 9.0 10.0 3.41 4440.0 
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7.0 2.0 1.0 -6.5 3.33 1.61 3.4 2.6 2.67 8.0 14.0 3.26 6747.0 
7.0 2.0 1.0 -0.75 4.78 5.18 2.0 2.8 2.83 7.0 11.0 2.34 2998.0 
7.0 2.0 1.0 1.75 5.73 5.07 3.8 4.4 2.42 13.0 13.0 4.09 6649.0 
7.0 2.0 1.0 -0.75 4.64 4.28 3.0 3.4 3.33 8.0 14.0 3.6 3033.0 
7.0 2.0 1.0 -4.5 4.36 3.57 4.6 3.6 3.67 13.0 14.0 3.19 2845.0 
7.0 2.0 1.0 2.0 5.5 5.07 4.4 4.0 4.0 9.0 11.0 3.97 6463.0 
7.0 2.0 2.0 5.25 5.5 4.98 3.0 2.6 3.58 5.0 13.0 1.71 6682.0 
7.0 2.0 2.0 10.0 5.06 5.13 2.8 3.4 3.25 9.0 9.0 2.99 3002.0 
7.0 2.0 1.0 -2.25 4.72 3.39 3.8 3.4 3.75 9.0 13.0 2.99 4629.0 
7.0 2.0 1.0 1.75 4.4 3.41 2.4 4.0 2.83 7.0 13.0 2.93 4592.0 
7.0 2.0 1.0 -2.25 3.58 3.37 1.8 2.6 2.92 11.0 8.0 2.79 4031.0 
7.0 2.0 1.0 -3.25 5.0 4.38 3.0 3.4 4.0 10.0 13.0 3.36 4072.0 
7.0 2.0 1.0 2.75 5.34 4.67 3.6 3.2 3.58 7.0 11.0 3.26 7483.0 
7.0 2.0 1.0 0.25 4.88 4.0 3.8 3.2 3.92 8.0 12.0 3.11 2766.0 
7.0 2.0 1.0 -1.0 3.94 4.17 2.8 3.0 4.0 4.0 12.0 3.37 6773.0 
7.0 2.0 2.0 0.5 4.0 3.63 1.0 3.6 3.83 8.0 11.0 3.64 7092.0 
7.0 2.0 1.0 -5.25 4.46 4.49 2.0 2.8 3.42 6.0 12.0 2.21 6219.0 
7.0 2.0 1.0 3.75 5.18 5.68 4.4 4.4 3.92 9.0 12.0 3.14 4426.0 
7.0 2.0 5.0 2.0 3.73 3.22 3.8 4.0 3.42 11.0 13.0 2.8 2978.0 
7.0 2.0 1.0 -5.75 4.63 4.27 3.6 4.2 3.83 7.0 9.0 3.36 6371.0 
7.0 2.0 1.0 6.0 5.03 4.81 3.6 3.4 3.92 9.0 14.0 3.09 4745.0 
7.0 2.0 1.0 -5.5 3.76 3.2 2.2 2.2 2.92 9.0 13.0 2.04 2780.0 
7.0 2.0 1.0 4.25 4.22 5.26 3.2 3.4 3.92 8.0 11.0 3.87 6535.0 
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7.0 2.0 1.0 -3.5 5.17 5.16 1.8 2.8 3.5 9.0 10.0 2.04 3264.0 
7.0 2.0 1.0 -4.5 3.24 4.11 1.8 2.4 2.75 8.0 10.0 1.88 816.0 
7.0 2.0 1.0 -3.5 4.89 3.74 4.0 4.0 3.83 9.0 10.0 3.29 6127.0 
7.0 2.0 2.0 -9.25 3.3 3.04 3.2 2.2 3.08 10.0 10.0 2.66 6306.0 
7.0 2.0 1.0 -4.25 4.24 3.33 4.4 3.6 2.67 10.0 11.0 4.01 1198.0 
7.0 2.0 1.0 12.25 6.5 5.79 4.0 4.6 4.0 6.0 10.0 3.57 4579.0 
7.0 1.0 1.0 -4.5 2.27 3.98 1.6 2.2 2.58 5.0 14.0 2.34 1179.0 
7.0 1.0 1.0 3.25 3.79 2.74 3.0 3.6 3.5 3.0 11.0 4.08 7532.0 
7.0 1.0 1.0 -4.25 4.96 2.83 4.8 4.2 3.08 13.0 12.0 3.71 6819.0 
7.0 1.0 1.0 0.5 5.51 4.13 4.6 4.4 3.5 10.0 11.0 4.18 6794.0 
7.0 1.0 1.0 -0.25 6.22 4.37 5.0 4.2 3.58 8.0 9.0 3.14 6975.0 
7.0 1.0 1.0 0.5 5.29 2.41 3.8 3.6 3.42 7.0 11.0 3.26 6743.0 
7.0 1.0 2.0 2.75 4.51 2.86 4.0 3.2 3.58 10.0 14.0 2.76 6035.0 
7.0 1.0 2.0 2.5 6.56 6.04 5.0 5.0 3.75 9.0 5.0 3.24 4881.0 
7.0 1.0 3.0 -4.75 4.6 2.64 3.6 3.4 3.33 7.0 11.0 3.47 4888.0 
7.0 1.0 1.0 -1.25 4.44 4.11 3.6 3.6 2.42 5.0 13.0 2.75 7008.0 
7.0 1.0 1.0 -3.25 4.89 4.31 4.0 3.6 3.92 7.0 12.0 3.84 7371.0 
7.0 1.0 1.0 -3.25 3.87 2.34 4.0 3.6 1.83 8.0 12.0 2.96 6156.0 
7.0 1.0 1.0 6.75 4.86 5.41 4.4 4.6 3.42 9.0 9.0 4.07 6568.0 
7.0 1.0 1.0 3.0 5.7 4.67 3.6 3.4 3.17 11.0 14.0 2.94 3399.0 
7.0 1.0 1.0 0.0 4.47 4.0 5.0 3.8 3.08 11.0 13.0 3.96 6851.0 
7.0 1.0 1.0 0.75 4.17 3.99 1.0 2.6 3.92 1.0 14.0 2.33 2849.0 
7.0 1.0 1.0 6.75 5.3 4.64 4.0 3.6 3.33 8.0 10.0 4.16 7067.0 
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7.0 1.0 1.0 3.0 5.86 4.51 4.6 3.8 3.5 10.0 12.0 3.72 4866.0 
7.0 1.0 1.0 -4.5 5.51 5.61 3.8 3.2 3.83 9.0 10.0 3.41 6790.0 
7.0 1.0 1.0 -1.25 4.2 3.37 3.4 4.0 3.83 5.0 7.0 3.82 6496.0 
7.0 1.0 1.0 6.75 5.64 3.85 4.8 4.4 3.0 9.0 11.0 3.59 6816.0 
7.0 1.0 1.0 9.5 5.74 4.06 3.6 3.2 3.5 6.0 13.0 3.11 6092.0 
7.0 1.0 1.0 -6.25 4.9 2.85 3.0 3.4 3.92 6.0 11.0 2.93 7085.0 
7.0 1.0 1.0 -2.0 4.82 2.06 2.6 2.6 2.58 8.0 11.0 3.09 7446.0 
7.0 1.0 1.0 5.25 4.4 4.03 1.8 3.4 3.17 8.0 10.0 3.86 1049.0 
7.0 1.0 1.0 5.75 5.9 4.54 4.0 3.8 3.33 8.0 13.0 3.16 7294.0 
7.0 1.0 1.0 -4.0 4.19 3.23 1.4 3.4 2.08 11.0 10.0 3.44 6821.0 
7.0 1.0 1.0 -0.25 3.72 3.13 3.4 3.4 2.67 10.0 9.0 3.71 6924.0 
7.0 1.0 1.0 3.25 3.86 3.06 4.4 3.6 2.75 14.0 12.0 3.29 6853.0 
7.0 1.0 1.0 1.0 4.74 5.01 3.0 3.0 3.08 13.0 12.0 4.17 6433.0 
7.0 1.0 1.0 -6.25 4.0 1.25 4.4 2.6 2.83 7.0 11.0 3.28 4980.0 
7.0 1.0 1.0 0.25 4.72 3.51 4.4 3.8 3.58 11.0 13.0 4.13 6846.0 
7.0 1.0 1.0 1.25 5.34 4.61 3.4 3.6 3.75 8.0 13.0 3.04 6512.0 
8.0 2.0 1.0 -12.0 2.81 1.23 5.0 4.6 2.67 12.0 11.0 3.14 3358.0 
8.0 2.0 1.0 -13.5 4.46 3.47 5.0 3.8 2.67 6.0 11.0 3.69 6101.0 
8.0 2.0 1.0 4.5 3.67 2.87 4.0 3.4 2.92 7.0 11.0 3.8 5767.0 
8.0 2.0 5.0 -7.5 2.64 2.4 2.2 4.0 2.42 14.0 14.0 2.96 2922.0 
8.0 2.0 1.0 10.0 6.89 5.77 4.8 3.8 3.67 9.0 12.0 3.41 6588.0 
8.0 2.0 1.0 -2.5 3.92 3.24 1.8 3.0 3.08 9.0 12.0 3.16 2900.0 
8.0 2.0 1.0 1.25 4.58 3.61 2.8 3.8 2.42 10.0 9.0 2.74 2486.0 
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8.0 2.0 1.0 -3.25 3.03 2.62 3.8 3.0 3.67 8.0 12.0 2.91 4287.0 
8.0 2.0 2.0 -2.0 4.92 4.2 2.8 3.6 2.92 5.0 10.0 3.82 7031.0 
8.0 2.0 1.0 -2.75 4.18 4.06 2.0 2.6 2.75 7.0 12.0 1.92 4253.0 
8.0 2.0 1.0 -13.25 3.16 1.98 4.0 1.8 2.83 7.0 11.0 2.59 1255.0 
8.0 2.0 1.0 -6.0 3.41 3.73 2.8 3.4 3.83 8.0 11.0 3.36 1008.0 
8.0 2.0 1.0 -4.5 4.0 2.73 3.8 3.2 2.75 15.0 11.0 3.16 7182.0 
8.0 2.0 4.0 7.75 5.53 6.43 4.8 4.4 4.0 6.0 11.0 3.62 6403.0 
8.0 2.0 1.0 -5.25 3.56 4.07 2.0 2.8 2.42 3.0 11.0 1.69 6076.0 
8.0 2.0 1.0 4.25 4.87 4.03 4.2 4.2 3.08 8.0 13.0 3.89 6549.0 
8.0 2.0 1.0 5.25 6.23 6.86 5.0 3.8 4.0 7.0 13.0 2.94 4569.0 
8.0 2.0 1.0 0.5 6.04 6.94 4.4 3.2 2.0 9.0 11.0 2.63 4419.0 
8.0 1.0 1.0 -0.25 4.56 2.98 3.4 3.4 3.17 8.0 11.0 4.16 7562.0 
8.0 2.0 5.0 -5.25 3.2 3.73 3.0 2.2 3.92 10.0 14.0 3.05 6363.0 
8.0 2.0 1.0 -4.5 5.78 3.46 4.2 3.8 2.92 12.0 13.0 3.41 2657.0 
8.0 2.0 1.0 -3.0 3.77 4.93 3.6 3.4 3.92 5.0 12.0 2.49 2761.0 
8.0 2.0 1.0 -9.75 2.88 3.9 2.8 2.2 2.75 7.0 11.0 2.64 4479.0 
8.0 2.0 1.0 -1.25 3.44 3.23 1.4 2.2 3.0 5.0 11.0 2.94 3044.0 
8.0 2.0 1.0 4.0 5.23 3.52 3.4 3.8 3.33 11.0 13.0 3.49 6693.0 
8.0 2.0 4.0 2.5 5.47 5.08 4.2 3.6 3.08 13.0 13.0 3.94 4690.0 
8.0 2.0 1.0 -3.75 4.47 4.16 4.4 2.6 3.33 8.0 11.0 3.7 2645.0 
8.0 2.0 1.0 -5.25 4.07 2.79 2.0 2.6 2.42 13.0 10.0 2.07 1117.0 
8.0 2.0 1.0 4.5 5.67 1.62 4.8 4.2 3.42 14.0 11.0 3.69 2997.0 
8.0 2.0 1.0 -7.5 4.2 1.73 2.2 3.4 2.25 5.0 13.0 3.06 6955.0 
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8.0 2.0 1.0 5.5 5.72 5.47 3.6 4.2 3.92 9.0 13.0 3.41 2556.0 
8.0 2.0 2.0 -0.25 4.41 3.61 5.0 3.4 3.67 10.0 11.0 3.99 6502.0 
8.0 2.0 1.0 -1.75 3.62 4.21 3.8 3.2 2.83 4.0 13.0 3.53 5714.0 
8.0 2.0 1.0 -2.75 4.51 4.49 4.0 4.0 3.58 13.0 12.0 3.24 2420.0 
8.0 2.0 2.0 -1.75 4.87 4.41 4.4 4.8 3.42 8.0 14.0 3.01 1202.0 
8.0 1.0 1.0 7.75 5.67 5.22 4.6 4.6 2.83 10.0 14.0 4.16 6532.0 
8.0 1.0 1.0 1.5 5.48 5.12 4.0 4.0 3.33 10.0 7.0 3.03 6820.0 
8.0 1.0 1.0 -1.5 4.39 3.77 3.6 3.4 3.17 6.0 12.0 3.11 6052.0 
8.0 1.0 1.0 -6.5 4.4 4.04 3.6 3.6 2.92 8.0 12.0 3.08 6585.0 
8.0 1.0 1.0 -1.75 4.67 3.67 3.8 3.4 3.08 12.0 14.0 2.39 6397.0 
8.0 1.0 1.0 6.75 4.98 2.62 4.8 4.4 3.58 11.0 13.0 3.0 6661.0 
8.0 1.0 1.0 -5.25 4.8 2.89 3.6 4.4 2.33 14.0 13.0 3.86 6455.0 
8.0 1.0 1.0 12.75 5.49 5.32 3.6 3.6 2.75 7.0 11.0 3.49 6828.0 
8.0 1.0 2.0 2.25 4.02 2.33 2.6 2.0 3.17 13.0 15.0 3.02 6423.0 
8.0 1.0 1.0 0.5 4.14 4.37 3.8 3.0 2.75 10.0 11.0 3.11 7315.0 
8.0 1.0 1.0 2.0 4.34 3.05 3.0 3.4 3.17 8.0 10.0 3.09 5991.0 
8.0 1.0 1.0 -6.25 3.56 2.11 4.0 3.2 2.67 7.0 13.0 2.66 6442.0 
8.0 1.0 4.0 -2.5 3.42 3.84 3.0 3.6 3.17 7.0 12.0 2.87 6326.0 
8.0 1.0 1.0 -3.25 4.16 4.29 3.8 3.4 3.5 6.0 12.0 2.21 7011.0 
8.0 1.0 1.0 -12.0 3.31 3.31 3.8 3.4 3.5 10.0 11.0 2.96 6354.0 
8.0 1.0 2.0 7.5 5.42 5.39 4.0 4.0 3.42 10.0 14.0 4.19 6894.0 
8.0 1.0 1.0 -4.0 4.62 3.99 4.6 4.4 2.67 5.0 9.0 3.36 4328.0 
8.0 1.0 1.0 11.25 5.04 4.33 2.8 3.4 2.67 9.0 11.0 2.95 7075.0 
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8.0 1.0 3.0 -5.25 4.54 3.09 4.6 4.0 2.42 14.0 14.0 4.17 6047.0 
8.0 1.0 1.0 -2.25 3.33 2.98 3.0 2.4 2.75 11.0 10.0 2.92 4063.0 
8.0 1.0 1.0 2.25 4.92 3.97 3.0 3.8 2.92 8.0 13.0 3.26 4857.0 
8.0 1.0 1.0 3.25 4.99 4.3 3.4 3.2 2.42 7.0 11.0 3.31 6936.0 
8.0 1.0 1.0 3.75 2.33 1.0 1.6 3.4 1.83 8.0 12.0 3.09 6719.0 
8.0 1.0 1.0 5.75 4.11 4.32 4.6 5.0 3.42 7.0 13.0 3.94 4807.0 
8.0 1.0 1.0 -6.25 3.49 4.84 3.4 3.4 2.92 11.0 14.0 2.62 7491.0 
8.0 1.0 1.0 -7.75 3.2 1.84 3.8 2.6 2.58 5.0 12.0 2.97 748.0 
8.0 1.0 1.0 -0.75 5.34 4.87 4.2 2.2 2.83 2.0 6.0 4.32 7188.0 
8.0 1.0 2.0 1.0 4.01 3.46 3.2 3.4 2.92 7.0 13.0 2.49 6222.0 
8.0 1.0 1.0 -3.25 4.29 2.43 3.2 3.2 2.5 7.0 11.0 3.15 7057.0 
8.0 1.0 3.0 15.75 5.83 5.07 5.0 4.0 3.58 10.0 13.0 3.96 6804.0 
8.0 1.0 1.0 1.5 4.51 3.71 4.6 3.6 3.83 14.0 12.0 4.23 6806.0 
8.0 1.0 2.0 10.0 6.02 5.49 1.8 3.4 3.83 6.0 13.0 2.86 4778.0 
8.0 1.0 1.0 -3.5 3.99 3.16 3.6 3.4 1.83 9.0 9.0 4.24 4688.0 
8.0 1.0 1.0 -3.25 4.27 2.88 3.4 2.8 3.42 7.0 12.0 3.72 4713.0 
6.0 2.0 1.0 7.25 5.21 4.44 3.4 3.0 3.33 7.0 24.0 2.74 7537.0 
6.0 2.0 2.0 -4.5 4.69 4.77 4.8 3.4 3.5 10.0 12.0 2.73 7065.0 
6.0 2.0 2.0 7.25 5.51 5.89 4.0 4.2 3.5 6.0 11.0 4.04 7074.0 
6.0 2.0 1.0 -1.5 4.79 3.83 3.6 4.2 3.17 9.0 11.0 3.58 6908.0 
6.0 2.0 2.0 14.0 6.29 6.62 3.0 4.4 3.58 6.0 14.0 3.26 7645.0 
6.0 2.0 2.0 12.25 5.44 5.61 3.2 3.2 3.5 7.0 12.0 2.34 7281.0 
6.0 2.0 2.0 9.5 4.8 3.94 4.0 3.2 3.0 11.0 12.0 4.36 6929.0 
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6.0 2.0 2.0 6.75 4.77 3.81 2.8 3.8 3.5 6.0 10.0 3.36 6689.0 
6.0 2.0 2.0 0.5 5.51 5.59 3.2 2.2 3.83 6.0 11.0 3.59 3287.0 
6.0 2.0 5.0 2.0 5.46 4.0 3.8 4.4 3.08 10.0 7.0 3.56 7256.0 
6.0 2.0 2.0 -4.5 3.08 3.23 3.8 2.8 3.58 10.0 9.0 4.19 6675.0 
6.0 2.0 2.0 11.5 4.29 5.0 3.6 3.8 3.33 9.0 12.0 3.52 6878.0 
6.0 2.0 2.0 10.0 4.33 3.14 4.0 5.0 3.67 12.0 13.0 2.51 6045.0 
6.0 2.0 5.0 6.0 5.77 6.67 4.2 5.0 4.0 9.0 7.0 4.0 6990.0 
6.0 2.0 1.0 12.0 4.57 3.51 4.8 3.6 3.33 6.0 10.0 4.94 7011.0 
6.0 1.0 2.0 3.0 5.44 4.6 4.0 4.2 2.75 5.0 14.0 2.94 6983.0 
6.0 1.0 2.0 8.25 5.73 5.61 4.0 4.6 3.58 9.0 14.0 3.92 6839.0 
6.0 1.0 5.0 5.75 3.81 4.58 3.8 3.2 2.92 6.0 13.0 2.79 6531.0 
6.0 1.0 2.0 2.0 4.26 4.07 4.2 3.0 2.83 14.0 9.0 3.13 8516.0 
6.0 2.0 2.0 14.75 5.69 5.59 3.6 3.4 3.0 7.0 11.0 3.74 7306.0 
6.0 1.0 1.0 9.75 5.44 4.45 4.4 3.0 3.67 7.0 13.0 4.5 7215.0 
6.0 1.0 1.0 3.0 4.41 5.06 4.4 3.4 3.67 8.0 10.0 3.18 6635.0 
6.0 1.0 1.0 15.5 3.97 4.92 4.6 3.6 3.33 10.0 13.0 3.41 6496.0 
6.0 1.0 1.0 12.0 3.37 2.96 3.0 3.2 3.0 5.0 12.0 3.46 6634.0 
6.0 1.0 1.0 1.25 4.52 3.8 3.8 2.0 2.92 10.0 12.0 2.96 6601.0 
6.0 1.0 1.0 -3.5 3.93 4.11 3.4 2.8 3.0 9.0 11.0 3.26 6909.0 
6.0 1.0 2.0 1.75 3.88 3.46 4.0 3.2 2.83 8.0 8.0 3.54 6790.0 
6.0 1.0 2.0 6.25 4.93 3.02 4.4 3.2 2.58 8.0 11.0 2.58 6622.0 
6.0 1.0 1.0 6.0 5.61 3.03 4.6 3.4 3.42 11.0 11.0 3.46 7118.0 
6.0 1.0 2.0 13.75 4.93 3.58 4.4 4.0 3.25 5.0 13.0 2.37 6318.0 
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6.0 2.0 1.0 3.75 6.09 5.96 2.8 3.0 3.42 4.0 11.0 2.19 4299.0 
6.0 1.0 1.0 -9.25 3.08 3.43 1.8 1.0 2.5 13.0 9.0 3.55 6540.0 
6.0 1.0 3.0 8.75 4.69 2.82 2.6 2.2 3.25 9.0 12.0 2.93 4692.0 
6.0 1.0 1.0 -13.5 2.0 1.37 3.6 1.8 2.0 4.0 6.0 4.01 6859.0 
6.0 1.0 1.0 0.5 4.38 4.28 3.4 2.2 2.17 4.0 7.0 3.41 6507.0 
7.0 2.0 2.0 11.0 4.29 4.14 2.8 3.2 3.33 5.0 12.0 2.94 5638.0 
7.0 2.0 2.0 7.25 5.62 6.37 1.8 4.2 3.67 6.0 9.0 3.16 6853.0 
7.0 2.0 1.0 -7.5 3.99 4.57 4.4 4.0 3.33 10.0 14.0 3.79 1496.0 
7.0 2.0 5.0 -3.5 4.36 6.33 3.0 2.6 3.75 6.0 10.0 3.12 5781.0 
7.0 2.0 2.0 16.25 5.99 6.01 3.0 3.4 3.58 7.0 11.0 2.96 6301.0 
7.0 2.0 1.0 -2.25 2.57 3.06 3.2 2.2 2.83 9.0 12.0 3.33 6665.0 
7.0 2.0 3.0 3.25 3.1 4.28 4.0 2.6 3.83 9.0 13.0 2.6 6990.0 
7.0 2.0 1.0 3.0 5.0 6.59 4.0 2.8 4.0 6.0 11.0 2.64 6098.0 
7.0 2.0 1.0 -1.25 4.52 4.23 2.6 1.4 3.33 6.0 10.0 2.9 5939.0 
7.0 2.0 1.0 -1.25 3.22 4.63 1.0 2.2 2.92 2.0 10.0 2.32 1591.0 
7.0 2.0 1.0 -5.25 5.12 4.89 3.6 3.8 3.92 7.0 11.0 2.16 4965.0 
7.0 2.0 3.0 6.5 5.57 5.57 3.0 3.4 3.5 8.0 10.0 4.04 6311.0 
7.0 2.0 1.0 9.0 5.6 6.82 4.4 4.4 3.83 7.0 12.0 3.63 7088.0 
7.0 2.0 2.0 8.25 4.49 5.77 4.0 3.8 3.33 4.0 10.0 2.71 6230.0 
7.0 2.0 1.0 10.25 5.31 4.56 3.6 4.4 3.25 7.0 12.0 3.47 5208.0 
7.0 2.0 2.0 8.75 4.99 5.4 2.8 4.0 3.42 3.0 13.0 3.81 7501.0 
7.0 2.0 1.0 -1.75 4.06 3.35 1.6 3.2 3.58 4.0 7.0 2.41 1269.0 
7.0 2.0 1.0 2.75 3.83 3.69 3.0 1.8 2.25 14.0 12.0 4.26 4038.0 
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7.0 2.0 1.0 -5.5 2.99 3.55 3.4 2.0 3.33 6.0 10.0 3.05 6471.0 
7.0 2.0 2.0 4.5 4.66 5.66 2.6 3.2 2.83 4.0 15.0 3.93 6963.0 
7.0 2.0 1.0 2.75 5.8 5.48 4.0 3.4 2.42 11.0 12.0 2.34 7909.0 
7.0 2.0 2.0 0.0 5.09 7.0 3.2 3.8 3.0 8.0 10.0 3.76 7204.0 
7.0 2.0 1.0 0.0 3.98 4.17 3.8 3.4 3.17 11.0 10.0 3.76 4576.0 
7.0 2.0 1.0 6.75 4.27 4.89 3.4 3.0 2.0 7.0 13.0 3.34 6752.0 
7.0 2.0 2.0 16.5 5.7 5.82 5.0 3.6 3.17 6.0 13.0 4.6 4681.0 
7.0 2.0 1.0 1.0 4.4 5.38 4.2 2.6 3.17 8.0 14.0 4.21 7061.0 
7.0 2.0 2.0 11.5 5.03 4.84 3.6 3.4 4.0 11.0 7.0 4.89 7087.0 
7.0 2.0 2.0 -3.5 4.14 4.11 3.4 3.8 2.17 7.0 9.0 2.85 7356.0 
7.0 2.0 1.0 8.5 6.82 6.29 2.6 2.8 4.0 6.0 13.0 1.76 6533.0 
7.0 2.0 1.0 -0.25 4.1 3.96 3.0 3.4 3.0 7.0 9.0 2.67 4515.0 
7.0 2.0 2.0 1.25 5.86 6.02 4.6 4.2 3.83 12.0 13.0 3.41 5087.0 
7.0 2.0 2.0 -6.75 3.74 4.44 3.2 3.0 3.17 6.0 11.0 3.07 4261.0 
7.0 2.0 2.0 0.75 4.4 3.72 4.4 3.2 2.67 5.0 14.0 2.06 7604.0 
7.0 2.0 2.0 0.0 5.27 3.5 3.2 4.2 3.75 6.0 12.0 4.18 6832.0 
7.0 2.0 2.0 0.0 5.33 3.77 4.6 5.0 1.0 7.0 10.0 3.1 6997.0 
7.0 2.0 5.0 2.25 4.0 4.31 3.8 3.0 2.0 11.0 15.0 2.72 5930.0 
7.0 2.0 1.0 -3.5 3.5 4.4 1.0 3.0 2.42 3.0 10.0 2.91 7114.0 
8.0 2.0 1.0 -1.5 5.0 5.95 3.0 3.4 3.92 8.0 12.0 3.09 7060.0 
8.0 2.0 3.0 -1.75 4.28 6.25 5.0 3.4 3.5 11.0 10.0 4.49 8059.0 
8.0 2.0 1.0 15.0 5.38 6.33 2.6 3.4 3.92 7.0 7.0 3.44 6466.0 
8.0 2.0 2.0 8.0 6.47 6.61 4.6 2.4 3.92 8.0 2.0 2.98 7190.0 
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8.0 2.0 2.0 4.0 3.6 6.34 2.2 2.6 3.75 4.0 11.0 2.23 6457.0 
8.0 2.0 1.0 -2.0 3.91 5.61 3.6 3.6 3.75 4.0 9.0 3.76 6492.0 
8.0 2.0 2.0 6.75 4.84 5.07 1.2 2.8 3.83 6.0 11.0 2.49 7272.0 
8.0 2.0 2.0 -1.5 4.87 4.08 4.0 3.0 3.0 8.0 12.0 2.23 7099.0 
8.0 2.0 1.0 0.75 3.48 5.02 1.0 1.8 3.92 4.0 11.0 1.14 7106.0 
8.0 2.0 1.0 -1.0 5.67 5.78 4.2 4.0 3.33 10.0 11.0 2.56 6597.0 
8.0 2.0 1.0 9.5 4.73 4.81 4.0 3.4 2.67 11.0 12.0 2.66 6617.0 
8.0 2.0 2.0 0.25 5.79 6.94 3.2 3.6 3.25 9.0 14.0 3.73 7267.0 
8.0 2.0 2.0 3.75 6.0 5.98 3.0 3.4 4.0 10.0 10.0 3.71 7225.0 
8.0 2.0 2.0 12.0 5.8 6.93 4.8 5.0 4.0 8.0 14.0 3.73 6946.0 
8.0 2.0 1.0 6.0 5.17 4.84 4.2 3.2 3.17 9.0 11.0 2.79 7231.0 
8.0 2.0 5.0 7.25 5.94 5.69 3.0 3.0 2.83 1.0 12.0 3.09 6809.0 
8.0 2.0 2.0 3.25 5.4 6.86 3.4 3.6 3.67 6.0 12.0 3.25 6996.0 
8.0 2.0 2.0 9.75 6.43 6.02 4.0 3.6 3.75 4.0 12.0 3.24 7216.0 
8.0 2.0 1.0 3.25 4.86 4.84 4.0 3.4 3.25 7.0 11.0 3.63 6065.0 
8.0 2.0 1.0 9.0 6.67 6.48 3.4 4.8 3.17 11.0 13.0 4.45 5249.0 
8.0 2.0 1.0 2.25 4.67 5.89 2.6 3.4 4.0 9.0 9.0 2.64 7032.0 
8.0 2.0 1.0 3.5 5.43 6.27 3.4 4.0 2.67 9.0 10.0 3.04 6858.0 
8.0 2.0 1.0 -0.5 4.09 4.86 3.4 3.2 2.83 6.0 13.0 3.54 7138.0 
8.0 2.0 2.0 13.0 4.44 3.44 4.8 3.4 3.83 10.0 15.0 2.09 7149.0 
8.0 2.0 4.0 7.0 6.2 6.13 4.4 3.6 3.33 6.0 15.0 4.63 6180.0 
8.0 2.0 1.0 -8.5 2.79 2.87 4.6 2.4 2.42 10.0 10.0 4.54 6946.0 
8.0 2.0 1.0 -7.75 3.1 3.0 2.6 3.0 1.5 12.0 10.0 2.72 6730.0 
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8.0 2.0 3.0 3.75 5.61 1.87 3.4 3.4 4.0 8.0 13.0 2.48 5919.0 
8.0 2.0 1.0 0.25 4.32 4.36 3.6 3.0 3.17 9.0 13.0 3.29 6931.0 
8.0 2.0 1.0 -6.0 4.12 3.17 4.0 3.4 2.58 9.0 13.0 2.08 7114.0 
8.0 2.0 1.0 4.0 5.2 5.58 5.0 4.2 4.0 10.0 11.0 4.25 6726.0 
8.0 2.0 1.0 -1.5 3.8 3.97 3.8 4.0 2.5 7.0 12.0 3.53 6446.0 
8.0 2.0 1.0 7.5 4.93 4.58 3.2 4.4 3.33 9.0 10.0 4.0 7109.0 
8.0 2.0 1.0 5.75 4.33 4.27 3.2 3.2 2.58 8.0 13.0 3.11 4903.0 
8.0 2.0 2.0 15.0 6.33 6.51 2.8 3.4 3.58 5.0 12.0 3.04 7569.0 
 
SDI = self-determination index; NS = need satisfaction; TE-S = teachers’ support; PA-S = 
parents’ support; FR-S = friends’ support; SH-E = school physical environment; HO-E = home 
physical environment; NE-E = neighborhood physical environment; PA = self-report physical 
activity; in-class PA = in-class physical activity.  
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